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ABSTRACT

Quality maintenance of soft-shell clams, Mya arenaria, from

harvest through processing was the focus of this project. The project
was divided into several sections definable as: 1) depuration
studies, 2) growth rate of bacteria in clams under constant tempera-
ture environment, 3} cooling methods for clams, 4) on-board harvesting
boat cooling studies, and 5) engineering analysis of the industry.

Depuration studies resulted in development of a very adequate
ultraviolet (UV) sterilization unit, an efficient aeratiom system and
a unique particulate filter with built-in backwashing options. The
total depuration system did not adequately depurate clams in the small
number of tests run.

Clams were placed in a controlled temperature chamber and bacte-
rial count monitored over about a 60 hour period. Temperatures of 40°,
50°, 60°

plate count, total coliform and fecal coliform count were monitored.

R 700, and where needed, 800 and 900F were used while standard

Results indicate bacteria in clams held at 50°F or below do not show
significant growth in the 60 hour storage period monitored. Clams
harvested in four seasonal periods showed essentially no differences
in bacterial growth due to seasonal effects.

Cooling methods for soft-shell clams were investigated using
three cooling mediums (ice, dry ice and mechanical refrigeration),
four container designs and three cooling systems. Three of the four
container designs were tapered as a standard clam (or apple) basket but
had varying amounts of open space in the sides, The fourth container
was a rectangular solid and sized to tightly fit into the cooling
chamber. Cooling systems consisted of a static box (natural convection
only), a one-bushel forced air unit and a six-bushel forced air unit.

The natural convection system proved unsatisfactory with all
containers tested and all three cooling mediums, primarily due to very
slow cooling rate. Cooling rate was slowest with ice, intermediate
with dry ice and fastest using mechanical refrigeration in the one-

bushel forced air unit. However, freezing and CO, exposure could cause

2
damage to the clams using dry ice and extended holding periods. Ice



proved a satisfactory cooling medium in the six-bushel unit under
simulated commercial loading conditions.

The solid rectangular container cooled fastest due to better air
flow through the container. The three tapered containers cooled at a
rate in direct proportion to the amount of open area in the sides of
the basket. Greater open area resulted in faster cocling if all other
parameters remained constant.

On-board harvesting boat cooling studies were designed to detor-
mine if immediate on-board cooling was better than conventional
industry practice. It appears that cooling quickly upon harvest
compared to placing the clams under refrigeration six hours after
harvest (approximating conventional industry practice) had the follow-
ing result 49 hours after harvest: plate counts were not significantly
different; total coliform counts were significantly lower in clams
cooled on-board; fecal «coliform counts were not significantly
different.

An engineering analysis was completed for the Maryland soft-shell
clam industry. This analysis resulted in an operations-process chart
detailing all processes a clam undergoes from harvest to market,
Recommendations were made to improve processing and transporting
practices in the industry. In addition, relationships were developed
to predict the meat weight and weight of other clam parts from shell
length or live weight measurements. Other information developed
included: 1) clam shucking rates for hand shuckers, 2) cooling rates
in industry coolers, 3} effect of shading full baskets of clams while

on board harvesting boats.
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I. INTRODUCTION

The Maryland soft shell clam industry has been troubled hy hixh
bacterial counts, particularly during warmer summer months. Several
phenomena have been suggested as possible causes among which are: 1,
envircnmental stresses of low salinity, high temperatures or heavy
harvesting pressure; 2) poor handling of the clams after harvest; 3,
accidental contamination of the clams with bacteria sometime between
harvest and market; 4) poor sanitation practices during handling,
transportation, and processing; 5) pollution of clam growing areas by
natural or man-made materials, etc. Although many theories have hean
put forth, none have been proven to be the primary cause.

Because the soft shell c¢lam industry 1s a major contributor to the
total Maryland seafood industry (Table 1) and economy of the State, the
industry, management agencies, and regulatory agencies were concerned
over the bacterial problem. As a result of this concern, the research
described in this report was initiated in the Spring of 1972. Funding
of the research was a cooperative effort of the Office of Sea Grant in
the National Oceanic and Atmospheric Administration, the Maryland
Department of Natural Resources and the Maryland Department of Health
and Mental Hygiene. Cooperation of the Chesapeake Bay Seafood Indus-
tries Association and several Maryland watermen and soft shell clam
processors made it possible to carry out project objectives, The
actual project work was carried out by personnel from the Agricultural
Engineering, Veterinary Science and Dairy Science Departments of the
University of Maryland.

Initial project focus was to develop an engineering and product
quality survey of the soft shell clam industry in order to define the
extent and source of the high bacterial counts. Unfortunatelv,
hurricane Agnes struck the Chesapeake Bay and its drainage basin on
June 1923, 1972 before significant progress was made with the survey,
This storm dumped massive amounts of water (over 12 inches of rain in
24 hours in many areas) over a large portion of the total drainage
basin. The massive fresh water influx into the Bay reduced salinitv

far below normal throughout the Bay. Extremely high air temperatures



for an extended period immediately after Agnes rapidly increased water
temperatures. The combined stress of warm water and extremely low
salinity caused mass mortality of soft shell clams. Flooding of sewage
treatment plants and other facilities located along rivers flowing
into the Chesapeake Bay, due to the extremely high runoff rates during
and immediately after the storm, contaminated water entering the Bay,
Thus, immediately after hurricane Agnes and for the remainder of 1972
harvesting of soft shell clams was prohibited in the entire Bay for

health reasons.

TABLE 1. POUNDS OF SOFT-SHELL CLAM MEATS HARVESTED IN MARYLAND AND
THEIR DOCK SIDE VALUE, 1960-1975

Year Pounds Harvested Value in Dollars Reference
1960 5,568,800 1,593,802 a
1961 4,692,000 1,231,082 a
1962 6,767,400 1,513,249 a
1963 6,858,500 1,499,405 a
1964 8,164,300 1,667,098 a
1965 7,654,400 1,548,310 a
1966 7,006,900 1,649,563 a
1967 5,212,300 1,610,589 a
1968 5,578,900 1,869,705 a
1969 7,909,500 2,800,344 a
1970 6,221,300 2,433,724 a
1971 5,986,128 2,993,064 b
1972 1,949,500 1,014,782 c
1973 668,688 557,240 d
1974 1,766,136 1,501,210 e
1975 1,057,176 1,014,842 f

8Marsco and Tinklepaugh, 1974

bMaryland Landings, 1971
“Fishery Statistics of United States, 1972
dMaryland Landings, 1973

eMaryland Landings, December 1974
fMaryland Landings, December 1975



Clam mortalities were so severe the clam bottom was kept closed
for conservation purposes until June 1, 1973. On June 1 limited clam
bottom was opened for harvest with strict harvest limits imposed for
resource comservation. However, on Junme 23, 1973 harvest was again
stopped because clam bacterial levels at the processing plants were far
too high for safety. The season remained closed until August 27, 1973.

Since the clam seascn was closed except for a three week period
between June 20, 1972 and August 27, 1973, the commercial harvest of
clams was prohibited. Clam processing operations were also closed due
to lack of clams. This made it impossible to conduct an engineering
and product quality survey of the industry. Thus, project priorities
were reordered and the work was conducted differently. However, the
primary emphasis of the project was to look at various segments of the
industry and to determine if alternative practices would reduce
bacterial levels in the clams,

High bacterial levels appeared to be a particular problem in the
warmer summer months. The closing of harvesting during hot weather
would be one solution to the problem. Unfortunately, the primary
marketing period for soft shell clams is summer, Table 2, and closing
the industry during this period would destroy it. Thus, an attempt was
made to develop solutions which would permit the industry to produce

high quality clams year around,



TABLE 2. MARYLAND PRODUCTION AND DOCK SIDE VALUE OF SOFT-SHELL
CLAMS HARVESTED BY MONTH FOR 1975

Month Landings, Value, $ Reference”
1bs meat
Jan. 87,444 72,870 6679
Feb. 69,120 57,600 6698
March 86,544 72,120 6744
April 119,460 99,550 6763
May 121,620 101,350 6782
June 94,812 79,010 6803
July 143,628 128,667 6830
Aug. 90,984 . 136,476 6849
Sept. 27,780 41,670 6869
Oct. 10,620 16,815 6888
Nov. 12,144 20,240 6933
Dec. 7,992 13,320 6952

a . . . . .
Numbers listed under reference are the current Fisheries Statistics
number as listed in the References section of this report.



IT. CLOSED CYCLE DEPURATION SYSTEM AND HOLDING TANK
Purpose

Two of the original objectives of this investigation were
concerned with the closed cycle depuration of clams and the effect of
alr temperature on the bacteria growth rate of clams in storage., As
the latter tests were to utilize clams harvested from different
locations as well as over a period of time spanning several seasons, it
was anticipated that these variations would influence the initial
bacterial level in the clams at harvest.

Therefore, prior to the start of the bacteria growth rate
(storage) tests, a one-bushel size depuration system was constructed.
Clams obtained for the storage tests were first placed in the depura-
tion system for a period of 24-48 hours prior to their transfer to
storage in an attempt to establish a relatively constant bacterial
count for all clams as placed in storage regardless of initial bacteri-

al load at harvest,
Equipment Description - Ome-Bushel Depuration System

The depuration unit was of closed system design and used municipal
tap water and Instant Ocean,? an artificial sea salt. Sufficient salt
was added to achieve a salinity of 8-10 ppt as determined by a Yellow
Springs Instruments Model 33 Salinity Meter.

The major components of the system included a water holding tank,
aerator, water sterilizer, clam holding tank with rack, sand filter,
water chiller, a lifting hoist and miscellaneous pumps and plumbing.

The main water holding tank also served as the base for the rest

of the system. Tank size was 4 X 8 by 2 feet deep constructed of

a ses .
Trade name of an artificial sea salt manufactured by Aquariums
System, Inc. Trade names are used for clarity and their use does not

imply endorsement of the product by the University of Maryland or any
funding agency.



5/8 inch plywood glued together with inside corner fillets and outside
2 X 3 inch wood bracing. Located in one corner was a 12 inch square
sump to allow complete pump-out of the entire contents with a submers-
ible pump. The inside surface of the tank was coated with Shell Co.
Epon 828 epoxy resin using hardening agent T.

Water was pumped from the sump of the main tank to the top of the
aerator, Fig. 1. The upper four 11 X 18 by 1 inch deep trays were
perforated with 1/8 inch diameter holes spaced 1 inch on center. The
4 inch deep bottom tray had a stand pipe overflow to the main tank
which maintained a constant water level for that portion of the aerated
water going to the ultraviolet (UV) treatment unit. Aeration was more
than sufficient to maintain the water near saturation. Water dropping
between trays splashed excessively, necessitating the installation of
a splash shield around the aerator,

Water at the rate of one GPM was carried by gravity from the
aerator to the water treatment unit, Fig. 2. This unit was constructed
of epoxy coated wood. Water was directed over and between baffles so
that it followed a 90 inch long path under three G30T8 30 watt
ultraviolet lamps with reflectors. The majority of the UV lamp output
was concentrated near a wavelength of 2537 %. Maximm water depth was
1 inch and the center of each lamp was located 5 inches above the water
surface. Slow deterioration of the epoxy coating was experienced due
to the high UV energy levels and/or the moderate effectiveness with
which the epoxy adhered to wood.

The germicidal effectiveness of the UV unit is indicated in
Table 3 both at 1 GPM and at selected higher rates.

Plate count reduction at the 1 GPM flow rate was satisfactory
except for treated tests 21 and 46. Total coliform reduction was good.
At higher flow rates plate count reduction was less effective. The
germicidal lamps were in use for 2/3 of their rated life as of test
#50.

Treated water flowed by gravity from the UV treatment unit to one
end of the clam holding tank. The tank consisted of a cast iromn
bathtub coated on the inside with epoxy resin. An adjustable overflow

at the downstream end provided water level control. An emergency
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spillway discharged water directly to the main holding tank in the
event the main overflow clogged. The original tub drain was plumbed
with 1 1/4 inch pipe to both the sand filter and a waste sump.

The original trays for holding clams were made of wood. They
proved to be unsuitable as they floated and the slotted design allowed
siphons to get wedged between the slats. Wood is also nct a good
material from a sanitary standpoint.

A set of four trays were constructed of Plexiglas and polyethylene
mesh, Figs. 3 and 4, They were tied together with nylon rope in such a
fashion that when all trays were suspended on the ropes, there was an
8 inch access space between trays. When in water, the trays rested on
top of each other. A winch and cable assembly, Fig. 5, facilitated
lifting the trays out of the tank.

Normal overflow from the clam tank gravity fed into a 11 X 11 inch
sand filter (Fig. 6). Experimentation with particle sizes for the
upper layer of sand determined that particles smaller than 20 mesh
(0.0331 inch openings) would clog rapidly. Water to be treated flowed
downward through the sand layers, through a perforated false bottom,
through the side of the filter then up an adjustable stand pipe. In
this manner the water level was maintained above the sand level to
prevent erosion of the top layer of sand by the incoming water. The
outflow pipe was also connected to a tap water supply for reverse
flushing. A series of baffles below the bottom gravel layer reduced
the high velocity inlet water during back flushing to a gentle upward
flow that was uniform across the entire bottom of the filter. Two
1 1/4 inch pipes carried the back flush water to a waste sump. Capaci-
ty of these two pipes limited the flushing rate to a maximum of
18.3 GPM per ftz. This rate was sufficient for washing and is in the
middle of the recommended range for this type of filter. Mechanical
agitation of the upper sand layer improved the back flushing process.

Since the ambient room temperature of 75°F or above was too high
for the clams, cooling of the water in the system was required. A
water~alcohol solution cooled by an Edwards Engineering Company CC-1A
packaged water chiller, Fig. 7, circulated through a heat exchanger
constructed of 50 feet of 1 inch polyethylene pipe placed in a horizon-—

tal spiral c¢oil in the bottom of the main holding tank. The low
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FIG, 3 TUpper two Plexiglas clam trays posit
for servicing.

Fig. 4 Detail of clam fray.
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FIG. 5 Clam tray winch and hoist assembly
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FIG. 6 Main sand filter for helding system.
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FIG. 7 One-ton water chiller for depuration system.

FIG. 8 One bushel depuration system.
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thermal conductivity of the polyethylene was accepted as a trade-off to
get its resistance to salt water corrosion. The system was adeguate to
maintain 6519-65F in the c¢lam tank.

The submersihle pump, a Little Giant model 3E-12N, provided
circulation through the depuration system. All plumbing was either
black polyethylene semi-flexible pipe, schedule BO PVC pipe or Tygon
tubing. Fig. 8 shows the assembled system.

Experience with the one-bushel system demonstrated that it was
too large to be fully tested and optimized. Construction was initiated
on a. depuraticn wait having four separate 1/4 bushel systems. Thus
with a one bushel lot of clams, any test variable could be evaluated at
four different levels of that variable at once (eg. water temperature,
salinity, salt type, flow rate, chemical composition, oxygen level,
and tank configuration). Construction was initiated and a support
basin, sump pump and 3 ton water chiller were ‘installed, Fig. 9. At
this point other objectives of the project were deemed more important
and no further investigations of depuration were conducted. However
both systems were used extensively as holding tanks for up to a
combined total of eight bushels of clams for use in the cooling
studies.

A 7 inch diasmeter sand filter was designed for use with the four
1/4 Bushel depurstion systems. It was designed to be removable from
its point of use to a washing station for back flushing. Fig. 10 shows
the filter, washing basc and collector. Fig. 11 shows the filter in
use while Fig. 12 shows the filter with the flushing base and collector
during the back flushing process. Holes in the filter bottom and in
the flushing base were aligned when the filter was placed on the base.
An O-ring provided sealing between the filter and the base. The
collector, held on top of the filter by hand, collected the waste water
and directed it to a drain. The base was connected through a flow
control wvalve to a water supply. Water flowed into the base, up
through the aligned holes and up through the sand. Mechanical agita~-
tion of the sand aided the reverse flushing process. Although the
system worked reasonably well, the addition of a clamping device ro
hold the base, filter, and collector tightly together would improve
operation. This tvpe of filter installation eliminated the need for

extensive permanent backwash plumbing at each filter.
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FIG. 9 Support basin and water chiller for the 4-unit
depuration system, set up as a holding tank.

s

FIG. 10 Seven inch sand filter, washing base and
cellector.
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FIG. 11 Sand filter in use in holding system.

FIG. 12 Method for back washing cf seven inch
sand filter.
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Operation - One-Bushel System

The conditions within the depuration system were stabilized prior
to introduction of clams. Water and salt were added and circulation
started in order to add oxygen and remove chlorine. Only healthy,
unbroken c¢lams were placed on the trays. After placement the clams
were rinsed with tap water, this water going to waste. The racks were
lowered inte the clam tank and the water supply from the aerator
started, Filling time to cover the top layer was about 20 minutes.
Every 24 hours during operation the inlet water to the clam tank was
cut off and the clam tank was drained through the sand filter. The
clams and tank were rinsed with tap water, this water also going to
waste. While the clam tauk was refilling from the UV treated water
supply, the sand filter was reverse flushed. An intermediate collect-
ing barrel {sump) was used to temporarily hold the flushing water as
the 18 gpm flushing rate was greater than the volume that could be
pumped to the nearest sanitary sewer coannection. Make-up water (tap

water) was added to the system as needed.
Results

The one-bushel depuration system was evaluated during the Spring
of 1973. Fig. 13 provides a graphical presentation of results from
plate count analysis while Fig. 14 provides similar results from total
coliform analysis. Statistical analysis of data for each test showed
that only test numbers 7 and 8 on the plate count data showed a slope
different than zero. Even for these two curves the slopes were just
significant at the 5 perceat level. Thus, for practical purposes no
significant depuration occurred for either plate count or total coli-
form. The reason for this is unknown, although it is probably due to
incorreet or rapid changes in temperature and/or salinity between the

depuration water and harvest area water,
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FIG. 13 Plate count results, one-bushel depuration system.
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FIG. 14 Total coliform results, one-bushel depuration system.
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Conclusions

The following conclusions can be drawn from the depuration

research:

l. The UV unit provided good disinfection of the inflow water.
2. The aerator provided water approaching oxygen saturation.
3.  An casily backwashed portable sand filter was designed.

4, The .total depuration system was ineffective as operated for

.

an unknown reason.
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TII. GROWTH RATE OF BACTERIA IN SHELLSTOCK DURING STORAGE
AT SELECTED TEMPERATURES

Objectives

The effectiveness of refrigeration in stabilizing the bacteria
levels in meat and fish is well established. The soft shell clam is
somewhat unique in that the clam is kept alive after harvest until it
is shucked or steamed. A procedure for treating shellstock between
harvest and processing should be designed to: 1. keep the clam alive,
2. stabilize the level of bacteria within the clam, and 3. prevent
any changes to the meat such as taste, texture or appearance.

Current industry practice is to store clam shellstock at ambient
air temperature during the harvest and transport phases, then to place
the baskets in refrigerated walk-in coolers. The objective of the
study herein discussed is to determine the effectiveness of various
holding temperatures in controlling bacterial growth in live soft-—
shell clams. Temperature levels selected were 40°F through 70°F in

10 degree increments with several additional tests at 80°F and 90°F.
Equipment

A constant storage environment was maintained by placing the
clams in a controlled envirenmental chamber, The chamber interior
temperature could be held within +29F at any temperature between 34°
and 100°F. The chamber functioned by alternately operating heating and
cooling systems. Since condensation on the cooling colls was piped out
of the chamber during the heating cycle, a DeVilbiss Model 280 portable
mist type humidifier was used to maintain a high humidity within the
chamber and prevent drying of the clams. A Bendix Model 566 portable
psychrometer was used to measure humidity within the chamber during
tests,

Ciams were held within the chamber on 1/2 inch mesh racks approxi-
mately 36 inches long by 18 inches wide, Fig. 15. These racks were

elevated six inches above drip pans. The pans collected any fluids
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FIG. 15 Method of supporting clams during the bacterial growth
rate (storage) tesis.
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dripping from the clams which kept the chamber clean. The six inch
spacing between rack and pan prevented clam siphons from becoming

accidently contaminated if the siphon hung below the wire mesh.
Procedure

Clam specimens used in the chamber tests were either purchased
from commercial watermen or provided by the Maryland Department of
Natural Resources. The clams were harvested in the morning and reached
the dock by early afterncon where they were picked up by project
personnel. Project personnel had no control over harvest time, harvest
location or handling prior to pickup other than verbal assurance of
recent harvest., Since the clams were harvested directly into one-
bushel baskets, they were purchased in these same containers, usually
one bushel at each pickup. The clams were transported to the labora-
tory in the trunk of a car or occasionally in the back of a pickup
truck. If transported by truck, they were covered to prevent air
drying during transport.

Clams in the Spring 1973 series of tests, the first set run, were
placed in the one-bushel depuration system for 24 to 48 hours prior to
being placed in the environmentally controlled test chambers. The
depuration system was used in an attempt to reduce variability in
initial clam bacterial counts harvested from different locations.
However, bacterial analysis of clams from the depuration system
revealed only a small reduction in bacteria levels with time. Thus, in
all chamber tests after the Spring 1973 series, the clams were placed
directly in the envirommental test chamber from the transport vehicle,
eliminating the depuration step.

Chamber temperature was preset and the desired temperature estab-
lished prior to introduction of the clams. The screens for holding
clams were autoclaved and placed in the chamber immediately before the
clams were hand placed into the sc¢reens. Clams that were noticeably
sick, injured or had broken shells were discarded. There was no
discrimination by size as most clams were close to the 2 1/4 inch
minimum legal length. For the majority of tests conducted in winter,

incoming clam temperature was within 10°F of the chamber temperature.
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Thus, relative to the total test duration, 2 negligible time period was
needed for the clams to reach chamber temperature. Summer tests at
40°F and 50°F were always started with the clams warmer than the
chamber setting,

Clams were sampled periodically throughout the test for bacterial
analysis, one sample consisting of enough clams to fill a 6 x § inch
polyethylene bag or approximately 12 clams. Time of sampling was
determined by the working hours of the laboratory technician and normal
operating hours of the Animal Health Laboratory. An experienced
technician could analyze six samples received by 9 AM plus six samples
received by 2 PM for two days running plus six samples the morning of
the third day for a total of thirty samples per week. Some of the
storage tests penerated .fewer than 30 samples due to concurrent
sampling from the depuration system. Samples taken at times other than
9 AM or 3 PM (i.e., 12 noon, 6 PM or 11 PM) were refrigerated at
approximately 34°F until the next normal submission time.

The sampled clams were analyzed for standard plate count, total
coliform numbers and fecal coliform count using standard methods
(procedures summarized in Appendix C). Plate counts were determined
using direct colony counts while total and fecal coliform counts were
carried out using the most probable number and a five tube dilution.

Gas production indicated presence of coliforms.
Results

Results of the chamber tests are presented on semilogarithmic
plots in Appendix A. The praphical results are shown by test series.
The Spring 1973 test series (done from 4-13-73 to 6-15-73) is shown in
Appendix A-l; the Winter 1973-74 series (done from 9-4-73 to 3-28-74)
is shown in Appendix A~2; the Summer 1974 series (done from 4-22-74 to
11-6-74) is shown in Appendix A-3 and the Winter 1974-75 series (done
from 2-4-75 to 4-11-75) is shown in Appendix A-4., Table 4 summarizes
the number of tests run at each temperature within each series.

Within each series the individual tests are arranged as follows in
Appendix A. All plate count results are shown first, starting with the

o . .
40°F tests and progressing to higher temperatures. Plate count data
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TABLE 4. SUMMARY OF CLAM STORAGE CHAMBER TEST DATA
No. of Data Points
Test Chamber No. of Plate Total Fecal
Series temp., © Test no. tests count coliform coliform
Spring 40 15, 17 2 10 10 -
1973 50 16, 18, 33, 34 6 38 14 -
37, 38

60 29, 30, 35, 36 4 20 20 -

70 25, 26, 31, 32 4 20 20 -

80 23, 24 2 10 10 -

90 21, 22 2 10 10 -

Winter 40 45, 46, 47, 57 4 25 25 14
1973-74 50 41, 50, 51, 53 & 33 33 33
60 39, 52, 55, 56 4 32 32 22

70 40, 49, 54 3 18 19 19

80 42, 58 2 13 13 13

50 44 1 4 4 4

Summer 40 63, 65, 66, 68, 69 5 34 34 34
1974 50 6l, 62, 64 3 28 30 20
60 60, 67, IR, 2R 4 24 24 24

70 59 1 9 9 9

Winter 40 4R, BR 2 10 10 5
1974-75 50 5R, 9R 2 10 10 10
60 6R, 10R 2 10 10 10

70 7R, 1IR 2 12 10 5
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points from all individual tests within the series done at the same
temperature are shown on one graph. The single line on each graph is
derived by treating all data points as if they were derived from one
test and calculating a linear least squares regression line using the
1og10 of count versus time in hours. Each point on the graph is the
average of from 1 to 6 samples. The average was calculated by
averaging the individual logarithms from samples taken at the same
time. This mssumes a logarithmic growth curve for the bacteria. After
the individual wount graphs for each series is a summary graph. This
graph has the calculated regression lines for each temperature within
the series and allows visual comparison of the regression lines for all
temperatures within the series. After the plate count summary graph,
total colifoprm data is presented in a similar arrangement. Where
cufficient dais was available, fecal celiform results for the series
are presented after the total coliform summary graph. A similar
arrangement is followed for each test series.

The data -were analyzed using linear regression applied to the
logarithm (to the base 10} of the appropriate bacterial count and the
time in hours after the clams were placed in the controlled environ—
mental chamber. Slopes and elevations of these linear regression lines
were calculated and compared using the Simultaneous Test Procedure
(Sokal and Rohlf, 1969) to deterwine if slope and/or elevations of rthe
curves were statistically different. A five percent level of signifi-
cance was used. Two different analyses were run using this procedure.
The first analysis considered all tests run at a particular temperature
and determined if there were differences between tests run at different
seasons. The second analysis grouped all data taken within a season
and determined if there was a difference between bacterial growth rate
in clams held at various temperatures.

Tables 5, 6 and 7 summarize the results of the first analysis
where differences between seasons abt each temperature are of interest.
Table 5 shows the plate count results, Table 6 the total coliform
results and Table 7 the fecal coliform results. The superscript
letters beside the slope and elevation values indicate which values are

significantly different than the others in the set. Values with the
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same superscript are not significantly different from each other.
Using the 40°F plate count data as an example, none of the slopes are
significantly different from any of the others. In the elevations
column (elevations are related to the zero time intercept), Sp73 is
significantly different from W73-74 but not from S74 or W74-75. 874 is
significantly different from W73-74 and W74-75 but not Sp73. W73-74 is
significantly different from all the other values. Similar compari-
sons can be developed from the set of slopes and elevations for each
temperature in Tables 5, 6 and 7. It should be noted that elevations
are measures of differences in initial counts only when slopes are the
same,

The slopes are a measure of the growth rate of bacteria within the
environmental chamber. The elevations are generally a measure of the
absolute bacterial count in the clams and are, thus, primarily a
function of the initial bacterial count in the clams when they were
placed in the chamber. Thus, slope differences are primarily due to
experimental variables of season (in Tables .5, 6 and 7) and/or tempera-
ture, while elevation differences are due to uncontrollable variables.

In Tables 5, 6 and 7 slopes are significantly different only in
the 60°F tests for plate counts and in the 70°F tests for total
coliform. There are no known unusual circumstances which could explain
these two cases. Thus, the test results must be considered correct.
However, excluding these two cases there are no significant differ-
ences in slope (i.e., bacterial growth rate) due to harvesting season
for plate counts, total coliform or fecal coliforms in the tests.
Thus, one can generally say, based on the data available from these
tests, that bacterial growth rate for the total bacterial population
{plate count, total coliforms and fecal coliforms) is not dependent on
the time of year in which the clams are harvested.

The effect of season on the regression curve elevations 1is
variable. The reasons for this are not readily apparent. However, the
wide variation in bacterial levels from one location to another is
probably the major reason. The inherent wvariations found in all

bacterial analysis add to these differences.
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TABLE 5. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS

FOR PLATE COUNTS BY SEASON FOR VARIOUS TEMPERATURES. THE ELEVATIONS

ARE GIVEN AS LOGARTTHM TO THE BASE 10 OF THE BACTERIAL COUNT AND THE

SLOPES ARE THE RATIO QOF THE LOGARITHM OF BACTERIAL COUNT DIVIDED BY
THE TIME IN HOURS SINCE THE TEST STARTED.

Temperature, Season A& ek
°F and Year Slope Elevations r
40 $p73 0.0018% t.3292° 0.09
W73-74 o.ooozj 3.656 0.01
374 0.0045° 4.2947 0.22
W74-75  =0.0042 4.807 -0.17
50 Sp73 0.0016° 4.7760 0.08
W73-74 0.0021° 3.813 0.16
S74 0.0048° 4.9517 0.10
W74-75  -0.0090 4.808 -0.43
60 Sp73 0.0153§ 4.791§ 0.62
W73-74  =0.0022° 3.787 -0.11
$74 0.0126° 4.7112 0.40
W74-T75 0.0110 4,752 0.58
70 Sp73 0.0026: a.sosﬁ 0.15
W73-74 0.01832 4.188 0.48
574 0.0114 5.251 0.81
W74-75 0.0035% 4.870% 0.12
80 5p73 0.0464° 3.751% 0.91
W73-74 0.0495 3.566 0.85
90 Sp73 0.0&032 3.8802 0.66
W73~74 0.0604 3.866 0.97

*Sp?3 = Spring 1973 series
W73-74 = Winter 1973-1974 series
874 = Summer 1974 sevries
W74-75 = Winter 1974~1875 series
®% . .. . . e
Superscripts indicate statistical significance., See text for
explanation.
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FOR TOTAL COLIFORM COUNTS BY SEASON FOR VARIOUS TEMPERATURES.

ELEVATIONS ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL

COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL
COUNT DIVIDED BY THE TIME IN HOURS SINCE THE TEST STARTED.

REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS

THE

Season*and

Tempgrature, ok deste
F Year Slope Elevation r
40 Sp73 -.00572 2.856%0 -0.28
W73-74  —.0047 2.1722 -0.10
574 .00572 2.667" 0.17
W74-75  -.0067% 2.3502P 0.16
50 Sp73 .01012 2.5812b 0.27
W73-74  -.01907 3.286, -0.27
a-7s omst 2%t 0.0
60 Sp73 .0352: 2.9412 0.39
W73-74 02175 2.7025 0.30
3§74 .02645 2.506, 0.46
W74=75 .0005 2.130 0.03
70 $p73 .004530 3.384% 0.06
W73-74 .0558‘:b 2.1342 0.63
374 03877 3.2817 0.91
W74-75  =.0004 2.273 ~0.01
80 573 .0272: 2.7242 0.37
W73-74 L0494 1.414 0.82
90 Sp73 .0221% 2.116§ 0.50
W73-74 .0355% 4.122 0.83

1’(Sp73 = Spring 1973 Series
W73-74 = Winter 1973-1974 Series
574 = Summer 1974 Series
W74=75 = Winter 1974-1975 Series

*E

Superscripts indicate statistical significance.

explanation.

See text for
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TABLE 7. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECAL COLIFORM COUNTS BY SEASON FOR VARIOUS TEMPERATURES. THE
ELEVATIONS ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL
COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL
COUNT DIVIDED BY THE TIME IN HOURS SINCE THE TEST STARTED.

Temperature, Season,and sk ke

°F Year Slope Elevation r

40 W73-74 .01292 1.186; 0.43
574 ~.00137 3.975. -0.04
W7h-75 .0119 0.087 0.78

50 W73-74 —.0062: 1.072§ -0.20
S74 -.0221 6.027. -0.38
i74-75 .01082 0.562 0.33

60 W73-74 .02432 o.772§ 0.39
574 100997 4.009 0.20
W74-75 -.0058 0.603 -0.43

70 W73~74 .0276: 1.540§ 0.32
S74 .0684° 3.460] 0.69
W74-75 0093 .998 0.75

*
W73-74 = Winter 1973~1974 Series
$74 = Summer 1974 Series
W74-75 = Winter 1974-1975 Series

*ok . N
Superscripts indicate statistical significance. See text for

explanation,

Correlation coefficients 3re also given in Tables 5, 6 and 7.
These are very low except in the 80° and 90°F temperature tests. The
S74 series also appears to have good correlation at 70°F for plate
count, total coliform and fecal coliform. The W73-74 tests also tend
toward increasing correlation beginning at the 70°F for total coli-
form. Low correlation coefficients indicate the relationship between
bacterial count and time in the environmental chamber is not very

strong.
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Tables 8, 9 and 10 show the second analysis in which regression
lines are fitted to data at each temperature within each seasonal
series. The significant differences appear as superscripts as in
Tables 5 through 7. For the plate count data, Table 8, only the 80°
and 90°F tests differ significantly from the slopes of the other tests.
Sp73, S$74 and W74-75 total coliform slopes, Table 9, show no differ-
ences while the W73-74 tests show slightly different results. Slopes
for the fecal coliform regression lines, Table 10, show no differences
in the S74 and W74-75 series, while the W73-74 series show some
variation between slopes for various temperatures.

Elevations for the curves in Tables 8§, 9 and 10, although statis-
tically significant, show no trends as might be expected since the
elevations are measures of the predicted initial counts. Since the
clams came from wvarious locations, this irregularity might be
expected. However, the W74-75 tests are an exception since there are
no differences in initial counts for any temperature. Elevations are
slightly different in Tables 5, 6 and 7 as compared to the same data in
Tables 8, 9 and 10, respectively, because they are compared at a
different time.

Since the first analysis, discussed above, showed essentially no
slope differences between seasons for a given temperature, data from
all four seasons were combined. The regression slopes (when the data
Ls plotted as a straight line on a semilogarithmic plot)}, elevations
and correlation coefficients for plate count, total coliforms and
fecal coliforms are shown in Tables 11, 12 and 13, respectively, The
slopes of the regressions for plate counts are not different for any of
the four temperatures (i.e., 40, 50, 60, 70°F) shown. This 1is
equivalent to saying there 1s no detectable difference in bacterial
growth rate between 40° and 70°F. This is probably due to the large
variation in the datd. There are significant elevation differences but
no easily rationalized pattern is apparent, The exceedingly low
correlation coefficients indicate the regression accounts for only a

small part of the variation in the data.



TABLE 8. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR PLATE COUNTS BY TEMPERATURE FOR VARIOUS SEASONS.
ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL COUNT AND THE
SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERTAL COUNT DIVIDED BY
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THE, TIME IN HOURS SINCE THE TEST STARTED.

Seasongand Tempgrature, - C ww

Year F Slope Elevation r

Sp73 40 .0018% &.279? 0.09
50 .0016"‘b 4.731° 0.08
60 .0153: 4.4252 0.62
70 0026 4.7032 0.15
80 L0464 3.751 .91
90 .0403° 3.8802° 0.66

W73-74 40 .0002° 3.6513b 0.01
50 00212 3.757Zb 0.16
60 .oozzz 3.846, -0.11
70 01837 3.733) 0.48
80 0495/ 3.566 0.84
90 L0604 3.866 0.97

$74 40 .0045° 4.169§ 0.22
50 .0048: 4.819° 0.10
60 01267 2.3;2b 0.39
70 0114 .9 0.81

W74-75 40 .00422 4.901% -0.17
50 .00902 5.0432 -0.43
60 .0110 hh67 0.58
70 .0035% 4.811° 0.12

*
Sp73 = Spring 1973 Series

W73-74 = Winter 1973-1974 Series

574 = Summer 1974 Series

W74-75 = Winter 1974-1975 Series

*k

Superscripts indicate statistical significance.

explanation.

See text for

THE ELEVATIONS
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TABLE 9. REGRESSION SLOPES, ELEVATIONS ARD CORRELATION COEFFICIENTS
FOR TOTAL COLIFORM COUNTS BY TEMPERATURE FOR VARIOUS SEASONS. THE
ELEVATIONS ARE GIVEN AS THE LOGARITHM TO THE BASE 10 OF THE TOTAL
COLIFORM COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF
TOTAL COLIFORM COUNT DIVIDED BY THE TIME IN HOURS SINCE THE TEST

STARTED.
Season,and Tempgrature, dede "
Year F Slope Elevation r
5p73 40 -.00572 2.856a: ~0.28
50 01012 2.5813b 0.27
60 .05252 2.3512 0.54
70 .0045 3.3847 0.06
80 02722 2.724§ 0.37
90 02212 2.116 0.50
W73-74 40 —.004?§b 2.1722b -0.10
50 -.02337 3.040 -0.34
60 02562 2.4742 0.33
70 04872 2.0943¢ 0.53
80 .oagaab 3.414° 0.82
90 .0355° 4.122° 0.83
S74 40 00732 2.587% 0.22
50 .0129% 3.10132 0.17
60 02642 2.5062 0.46
70 .05352 2.284 0.58
a a
W74-75 40 ~.0067 2.350 -0.16
50 -.01292 2.725% -0.39
60 .0005: 2.130: 0.03
70 -.0004 2.273 -0.01

*Sp73 = Spring 1973 Series
W73-74 = Winter 1973-1974 Series
$74 = Summer 1974 Series
W74-75 = Winter 1974-1975 Series
K .
Superscripts indicate statistical significance.. See text for
explanation.
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TABLE 10. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECAL COLIFORM COUNTS BY TEMPERATURE FOR VARIOUS SEASONS, THE
ELEVATIONS ARE GIVEN AS THE LOGARITHM TO THE BASE 10 OF THE FECAL
COLIFORM COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF FECAL
COLIFORM COUNT DIVIDED BY THE TIME TN HOURS SINCE THE TEST STARTED.

Season gnd Tempgrature, e J—
Year F Slope Elevation T
W73-74 40 .0129:b 1.1862° 0.43

50 -.0062° 1.0682 -0.19
60 .ozaszb 0.772; 0.39
70 0277, 1.535, 0.32
% oao7® 0 2848 0 o8
$74 40 .00013 3.8192 0.00
50 -.0415> 6.398 -0.54
60 -0098 4.009; 0.20
70 .0304 5.030 0.83
W74-75 40 .0115% o.ogl:b 0.79
50 .01082 0,562 0.33
60 -.0058" 0.603§ -0.43
70 .0093 0.998 0.75

“W73-74 = Winter 1973-1974 Series
§74 = Summer 1974 Sevies
W74-75 = Winter 1974-1975 Series

sk
Superscripts indicate statistical significance. See text for

explanation.
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TABLE 11. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR PLATE COUNTS BY TEMPERATURES USING DATA FROM FOUR SEASONS.

Temperature, °r Slope Elevation r
40 .00082 4.139§c 0.03
50 .00172 4.487°7 0.04
60 .006?: 4.218: 0.18
70 L0105 b4.44635 0.30
80 NA, NA, _
90 NA NA -

* *
NA indicates data was not available for all four seasons.

The regression slopes and elevations for the combined total
coliform data from all four seasons is shown in Table 12. The slope is
the same in the tests at 40° and 50°F. The slopes for regressions on
the 60° and 70°F tests are also not significantly different from each
other. The negative slope {a reduction in growth rate with time) for
the 50° and 60°F tests is probably a result of variation in the data
and not to a true decline in count. The elevations for the regression
lines indicate that only the 40°F test was different at time zero from
any of the other tests. Again, the correlation coefficients are low
for this data.

The fecal coliform data using tests from all seasons is shown in
Table !3. The slopes are not significantly different for any tempera-
ture. The low correlation coefficients indicate fecal coliform growth
is not closely related to temperature between 40° and 70°F in these

tests. However, the correlation improves with increasing temperature.
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TABLE 17. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR TOTAL COLIFORMS BY TEMPERATURE USING DATA FROM FOUR SEASONS.

Temperature, °F Slopes Elevations r
40 -.0004 2.4887 -0.01
50 *.0077b 3.287b -0.12
60 .0215b 2.682b 0.30
70 L0271, 2,783, 0.36
80 NA, NA, -
90 NA NA -

3
NA indicates data set was not available for all four seasons.

TABLE 13. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECAL COLIFORMS BY TEMPERATURE USING DATA FROM FOUR SEASORS.

Temperature, °F Slope Elevation T
46 .0055% 2.818° 0.07
50 -.0027° 2.3872 -0.02
60 .02022 1.924°% 0.18
70 04282 1.962; 0.34
80 NA, NA, -—
90 NA NA -

*
NA indicates data was not available for all four seasons.
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Discussion

Data from any set of tests run under the same conditions showed a
wide variation. This is typical of bacterial data in general and is
due to the fact that bacterial analysis measures the overall growth and
reproduction of biological organisms (i.e., the bacteria). This
variation does, however, limit the information which can be extracted
from a data set.

Tables 11, 12 and 13 provide information in which as much of the
variation as possible has been removed. Analysis as presented in
Tables 8, 9 and 10 showed that harvesting season made essentially no
difference in bacterial growth rate, Thus, data taken from four
different time periods was combined. This increased the sample size
and, hence, provided better parameter estimates for Tables 11, 12 and
13.

Generally, even after removing as much variation in the data as
possible by statistical methods, the relationship between bacterial
growth rate and storage time at constant temperature is either not a
strong cause-and-effect relationship or the inherent variation in the
data tends to mask the relationship. The low correlation coefficients
in Tables 11, 12 and 13 are evidence of this. However, the increasing
regression correlation coefficients . with increasing temperature
displayed in Tables 8 through 13 strongly suggest that the bacterial
growth rate increases with temperature, but the increase in growth rate
is not readily apparent as the temperature increases from 40° to 60° or
70°F. The inability to detect differences in bacterial growth rate
between 40° and 50°F results from either actual lack of difference or,
more likely, is due to the difference being masked by the variation in .
the data caused by uncontrollable factors. The inherent low precision
in the bacterial analysis also contributed to these problems. Lt also
appears that only in limited cases with the data available was it
possible to detect a difference in bacterial growth rate in clams held
at 40°F and those held at 70°F. Most of the time in this study,
although not in all cases, it was possible to statistically show a
difference in bacterial growth rate in clams held at 40°F versus clams

held at 80° or 90°F when tests were continued over a 60 hour period.
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Conclusions

When held under similar conditions for 60 hours there appears to be
no difference in bacterial growth rate {(plate count, total coli-
form or fecal coliform) in soft shell clams harvested in any of the

seasons noted in these tests.

Generally, bacterial growth rate over a 60 hour period (plate

count, total coliform and fecal coliform) is more closely related
. . 8]

to time after harvest as the storage temperature increases from 40

to 90°F.

An attempt was made to correlate bacterial count (plate count,
total coliform count or fecal coliform count) at harvest with
harvest location, water temperature at the harvest location and/or
water salinity at the harvest location. With the limited amount of

data available, no correlations could be established,

Holding soft shell clam shellstock at 50°F or lower is sufficient
to prevent a significant increase in plate count, total coliform

count and fecal coliform count during a 60 hour storage period.

An increase in the plate count, total coliform count and fecal
coliform count was observed in soft shell clam shellstock held at
60°F or higher for 60 hours. However, this increase may nct be
significantly different from the increase (slope} at lower temper-

atures for plate count and for fecal coliform count.
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IV. COOLING METHODS FOR SOFT CLAM SHELLSTOCK
Introduction

Storage tests conducted with live clams indicated that growth of
bacteria was halted at a temperature of 50°F or less (see Section IIL).
Clams harvested during the warmer summer months were found to be at
temperatures above 75°F and as high as 82°F while on board harvesting
boats. During and after harvest ambient bay area temperatures above
80°F were common and were measured as high as 95°F, Current. industry
practice is such that clams can be on the boat and/or truck for up to 8
hours prier to placement in refrigerated storage. The cooling of clams
at harvest was suggested as a means to eliminate this exposure to
elevated temperatures and therefore reduce the potential for bacterial
growth. Methods of cooling clams on the harvesting vessel were
therefore examined.

There are several constraints toe cooling on a c¢lam boat,
Available space is limited and location and size of cpen areas will
vary with different boats. The only source of power is the internal
combustion engine. The demand on the operator's time must be minimal
and the clams, because of their fragile shells, should be cooled in the
container into which they were placed at harvest, Cooling must be
sufficiently rapid to keep pace with the harvest without freezing the
clams. Excessive weight of the cooling system will result in longer
travel times between dock and clam bottom, increasing the operating
costs, and could lead to instability of the harvesting boat,

There are many potential cooling systems which might be used on
board clam boats. Two of these, evaporative cooling and hydrocooling,
have received limited study by other investigators, Evaporative
cooling has been studied by Tatro et, al. (1967) to a limited extent,
but due te the limited data taken, no definitive conclusions were
reached. Work with evaporative cooling with poultry in the Salisbury,
Maryland area indicate air temperatures can be lowered about 10°F at
best (Felton, 1971). With 80°F plus air temperatures and a need to
reduce clam temperatures below 50°F to stabilize bacterial deteriora-
tion, evaporative cooling appears to be impractical for the on-board

cooling of clams.
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Pumping bay water over the clams could also be used for tempera-
ture control. Unfortunately, summer water temperatures in the
Chesapeake Bay are in the 70%ta 80°F range every summer and some years
exceed 80°F. This temperature is too high to retard bacterial growth
in the clams.

Mixing ice with clams in the harvest basket will reduce clam
temperature. However, there is a potential problem of short-changing
the buyer at the time of transfer due to displacement of clams with
ice. Because of this problem, mixing ice with the clams was rejected
as impractical for cooling clams.

Hydrocooling is another potential cooling method. Wheaton (1971)
investigated this technique for cooling clams. A spray device having
the appropriate livle size and.Spacing was placed above a single bushel
of clams. Water at a temperature of 36°F and a flow rate of 25-30 gpm
was allowed to fall through the spray device onto and through the
clams, In this manner clams with an initial temperature of 85°F were
cooled to 40°F in 15 minutes. Required equipment included a refrigera—
tion system, storage tank and pump. The continued use of recirculated
water presented the possibility of bacteria buildup. Additional
cooling equipment would be needed with this system to maintain a 45-
50°F temperature after initial cooling. Hydroccoling, though effec-
tive, was felt to be unacceptable for use on board the relatively swall
boats used for dredging of clams, primarily because of size and weight
of the water and equipment.

The research described herein utilized three types of cooling
sources, Lthree cooling systems and four container configurations,
Ice, dry ice and mechanical refrigeration were used for cooling
sources, the particular one used varying with the experimental setup as
noted below. The three cooling systems tested were: a well insulated
oue bushel unit that depended on matural convectiecn and conduction for
heat transfer; a one bushel unit that used forced air circulation; and
a six bushel forced air unit. The container configurations tested
included a wooden bushel basket with no side openings; a wooden bushel
basket with side openings as manufactured; a woocden bushel basket with
openings modified to a uniform 1/2 inch in width; a round tapered wire

bushel basket; and a rectangular wire contalner. The three cooling
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systems are examined in the order in which they were designed and
tested.

All tests of the cooling units were conducted in a 90°F ambient
environment. In late summer this was accomplished by working cutdoors.
Temperature uniformity was not dependable so the testing was moved to a
small boiler and steam room wherein pipe heat was supplemented with
electric resistance heat. Requirements for additional space neces-—
citated the comstruction of a controlled temperature chamber shown in
Fig. 16. It consisted of a frame 12 feet long, 7 feet high and 6 feet
wide covered inside and out with 4 mil clear polyethylene sheet. A
4 foot wide door in on end provided access. A thermostat ( + 1°F
accuracy) controlled a 24 volt secondary circuit. This operated a 25
ampere relay which controlled a 1650 watt electric heater. Air
circulation was provided by a small circulating fan located below the
ceiling at the rear of the chamber. The amount of electrical resis-
tance heat needed depended on the laboratory temperature and the type
of cooling unit. The mechanical cooling produced sufficient heat that
ventilation was required.

The majority of the clams used in the cooling studies were
purchased from commercial watermen. Between tests the clams were kept
in the one bushel holding tank with artificial salt water at 8—100/00
and a temperature of 61-65°F. Clams were kept for periods up ta
several weeks and used repeatedly without feeding. No major change in
appearance was noticeable nor was there any reason to suspect a change
in the thermodynamic properties of the clams as a result of holding.

All temperature measurements were made with copper—comstantan
thermocouples inserted into the clam's body through the foot opening.
This did not kill the clam but possibly caused internal injuries. The
specific location of those clams into which wires were inserted
depended on the unit under test, For the natural convective unit there
were six measuring points per horizontal diagonal at three levels as
shown in Fig. 17. Thermocouple location for the containers tested in
the one-bushel forced air unit are presented in Fig. 18. The thermo-
couple locations for the containers tested in the six-bushel unit are

presented in Fig. 19.
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FIG. 16 Polyethylene covereg controlled temperature chamber
used to malntain 90 F.

€l |- & on BOTTOM

‘4 7—-12 MID-LEVEL
13— |8 JUST BELOW TOP SURFACE

FIG. 17 Location of the 18 temperature measuring stations
for the tests of the natural convective unit.
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FIG. 19 Thermocouple locations for the containers tested
in the six-bushel forced air unit.
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Clams were removed from the holding tank and placed in the test
baskets by hand. Any clams with cracked shells, limp siphons or other
abnormal appearance were discarded. As the basket was filled, thermo-
couples were inserted into clams and these clams placed in the desired
location within the basket. The full container of clams was warmed to
as close to 80°F as possible in a tank of pre-warmed salt water,
Fig. 20. The container was then placed in the ceooling unit, the
thermocouples connected to the recorder and the recorder cycled
through all points to establish a temperature base line. Test duration
depended on the cooling method and rate of cooling. Data for the two
single bushel units was collected on a Texas Instruments 24 point strip
chart recorder. Data . for the six-bushel unit was collected on a

Digitec 70 point digital print-out recorder,
One-Bushel Natural Convection System

This was the least complicated cocling system in that it required
no moving parts. A box was constructed of an inner and outer shell of
plywood with 2 1/4 inches of Styrofoam insulation between. The remov-
able 1lid was of similar construction. The entire unit was coated with
epoxy resin. Two different one-bushel containers were designed to fit
into the plywoed box. The first container had solid or nonperforated
sides bur a perforated battom, The second container was constructed
entirely of expanded wire mesh to allow air circulation through the
four sides as well as the bottom. A perforated tray was designed to be
supported by the container handles just above the clams to prevent
direct contact between the clams and dry ice. Fig, 21 shows the
plywood box, container (with nonperforated sides) and the dry ice tray.
Fig. 22 shows the empty box. Fig. 23 shows the bushel container in
position within the unit, while Fig. 24 shows the dry ice tray 1in
position on top of the container.

Tests using dry ice as the cooling source were conducted only with
the container having nonperforated sides. Ten pounds of dry ice were
placed on the rray at the start of the test. The test duraticn was 5
hours, at the end of which time an average of 3 pounds of dry ice

remained. Some frost appeared on those clams in the top layer and
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FIG. 2?1 Natural convection cooling system, nonperforated
container and dry ice,
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FIG., 22 Fmpty insulated plywood natural convection
coeling box.

FIG. 23 Nonperforated bushel contained in natural
convection ceoling unit,
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FIG. 24 Perforated tray used to keep dry ice above clams
in the natural convection ceoling unit.

FIG. 25 Clams exhibiting very limp siphons after having
baen cooled for 5 hours with dry ice.
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saveral were partly frozem. All of the clams exhibited very limp
siphons (Fig. 25), possibly a result of the high concentration of
carbon dioxide to which they were exposed. After a test, clams that
had thermocouples inserted into them were discarded. The remainder
were returned to the holding tank where no subsequent test related
mortalities were observed within 20 hours.

Tests with ice were conducted without the use of the tray above
the clams. The 27 pounds used per test was the maximum amount that
could be placed in and around the container. Both the perforated and
nonperforated containers were evaluated. A summary of test conditions

and results is presented in Table l4.

TABLE 14. RESULTS OF COOLING CLAMS IN THE NATURAL CONVECTION
UNIT WITH ICE AND DRY ICE AND TWO CONTAINER DESIGNS

Temp
Lbs. Initial at .
Cooling No. Material temp, 5 hrs, BTU per

source Container tests start used deg ¥ deg F  lb-degF

Dry Ice A 3 10 7 80.8 51.9 1.2
Ice A 2 27 14 80.7 56.2 1.5
Ice B 3 27 14 81.2 56.5 1.5

.

"Container A, nonperforated sides (see Fig. 21)
Container B, perforated sides

*d
BTU supplied by ice per 1b of clams per degree F of cooling
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The last column of the above table, BTU per lb-deg F, is based on
a 55 pound net weight per bhushel and values of 275 BTU per pound of dry
ice used and 144 BTU per pound of ice used. The lower efficiency for
ice is the result of three possible factors. Some of the ice was
around the sides of the container so could melt and drain from the box
without passing over the clams. Drain water had to be replaced with an
equal volume of 90°F air. The sublimation of dry ice created a sltight
positive pressure within the box which prohibited infiltration of
outside air through the entrance location of the thermocouple wires and
through the drain. TInclusion of the heat absorbed in raising the
temperature of the melt water above 32°F would tend to increase the
value above 1.5 BTU/1b-CF.

Fig. 26 provides the cooling curves for the natural convection
box tests. There appeared to be no difference in the cooling rate
between the two container designs tested with ice. Rate of cooling
with dry ice was slightly greater than for ice. The overall rate of
.cooling was slow relative to the total time the clams would normally
spend on the beat and in transit. However, the use of cooling, even at
this reduced rate, would eliminate the chamce for an increase of clam
temperature because of high ambient temperatures, and would reduce the
total time required to cool the clams to an appropriate storage

temperature.
One-Bushel Forced Air System

The relatively slow cooling rate provided by the natural convec=
tive system suggested a need for air circulation through the container
to increase cooling rate. A unit containing a closed cycle circulation
system was constructed of wood and plywood. The components included a
blower compartment and Dayton model 2C970 blower, an ice storage
compartment, a cooling compartment and a return air duct. The unit
that evolved after several modifications is pictured schematically in
Fig. 27. The original model was not insulated, had the blower drive
motor within the box and had a rectangular ice compartment having a
full cross sectional inflow and outflow screen (Fig. 28). When several

tests demonstrated the workability of the system, the original unit was
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insulated with 3/4" of Styrofoam and an additional protective layer of
1/4" plywood. The fan drive motor was moved to the outside of the box
(Fig. 29) to eliminate this heat load on the system and a hinged baffle
(Fig. 30) was suspended from the ice compartment access lid to reduce
bypassing of air above rthe ice. A series of tests was conducted with
the original rectangular ice compartment. Initial ice melt allowed
over—-the-top bypass of air even with the baffle. Thus, the ice
compartment was modified to the shape shown in Fig. 31 (also schemati-
cally in Fig. 27) for all remaining tests using ice and dry ice as the
cooling source. This modification forced the air to pass through the
ice before it got to the clams. The complete one bushel forced air

unit is shown closed in Fig. 32 and with covers removed in Fig. 33.

(]
¥ L] 7

FIG. 27 Schematic of the one-bushel forced air cooling
unit after several madifications.
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FIG. 28 Original rectangular ice compartment of one-
bushel forced air coocling unit.

FIG. 29 Method of driving blower for the one-bushel
forced air system.
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FTG. 30 Hinged baffel below ice compartment 1id on the
one—-bushel forced air unit.

FIG. 31 Modified ice compartment, one-bushel forced air
unit.
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FIC. 32 One-bushel forced air cocling system.

FIS. 33 TInside of one~bushel forced air cooling system,
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Tests were conducted at two blower speeds. Initial tests with ice
and dry ice were at a blower speed of 493 Tpm (calculated from pulley
sizes and known motor rpm). Additional tests with ice and all tests
with the mechanical refrigeration system were conducted at a blower
speed of 986 rpm. Blower speed is used as a relative measure of air
flow because high turbulence prohibited accurate measurement of actual
air flow in the relatively short duct.

Four container designs were used in testing the onme-bushel forced
air unit. Three had a tapered body and circular top as shown in
Fig. 34. At lower right is the conventional wooden bushel basket with
side openings comprising approximately 12% of the total side area of
the basket. This basket, referred to herein as the open wooden basket,
is presently used by the soft shell clam industry. At lower left is a
wooden bushel basket manufactured with additional slatting and no open
spaces on the side, herein referred to as the solid wooden basket. The
third basket was constructed of stiff wire and provided an open side
area of approximately 84% of the total side area. Fig. 35 (right)
shows a container constructed from plywood and wire designed to fit the
cooling chamber so that most of the cooling air was forced through the
container of clams instcad of over and around the container. It is
referred to as the full flow container, and held the same volume as the
other containers. x

Results of the one bushel cooling tests provided relative rates of
cooling as affected by: container design, blower speed, ice compart-

ment design and cooling source.

Container Design

Container design had a significant effect on the rate of cooling.
Fig. 36 presents the cooling curves for each of the four contalners,
The tests were conducted with the low speed blower using ice as the
cooling source in the original ice compartment. The temperatures were
established by averaging the values from all three levels but excluding
the leading thermocouples (numbers 1, 7 and 13, Fig. 18), in order to

get the "worst" condition.
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FIG. 34 Wire, solid wooden and open wooden bushel
containers evaluated in the one-bushel cooling
unit,

FIG. 35 Shop constructed full flow container (right).
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Rate of cooling for the solid wooden basket was sufficiently slow
that an average temperature of 50°F was not realized within the 3 hour
duration of the test. But compared to the natural convective unit
previously discussed, the solid wooden basket was 9°F cooler after 3
hours of cooling. Rate of cooling for the open wooden and wire baskets
improved in proportion to the openness of the side of the baskets, The
tapered baskets were placed in a rectangular cooling chamber and no
attempt was mads to block air passing avocund the base of the basket.
The cooling rate for the full flow container was superior to that of
the three tapered containers and suggests that modification of the
cooling chamber to reduce bypass could ilmprove cooling for an open
sided but tapered container. Table 15 provides a summary of the test
conditions and average values for each set of tests.

The efficiency of ice utilization (Btu/1b-CF) improved in propor-
tion to the openness cf the side of those containers having a tapered
configuration. Reduced efficiency resulted from use of the full flow
container as a vesult of the greater resistance to air flow and the
resultant increase of air leakage in and out of the cooling unit caused

by the higher pressuras.

TABLE 15, SuMMARY OF COOLING DATA FOR THE FOUR BUSHEL STIZE CONTALRERS
COOLED WITH ICE AT THE LUOWER BLOWER SPEED AND WITH THE UNMODIFIED
ICE COMPARTMENTS

Initial Time to Time to -
No. Lbs. ice temp, SOOF, 40°F, BTU per
Container tests start used deg F hr. hr. ib-deg F
Solid wooden 3 51 36 814 NR NR 3.4
Open wooden 2 53 40 8l.7 2.0 NR 2.7
Wire basket z 52 37 83.3 1.6 2.6 2.1
Full flow 3 53 39 80.1 0.6 1.2 2.5

*
NR - not realized during 3 hour test

dede
BTU from ice used per 1b of c¢lams per degree F




60

Blowar Speed

The effect of blower speed on cooling rate was evaluated at the
two hlower speeds previously discussed. Results with the open wooden
basket and the modified ice compartment are provided in Fig. 37. The
upturn in temperature at 2 hours for the high blower speed is the
result of having utilized all of the original 52 pounds of ice.
Table 16 summarizes the data.

Air velocity was measured with an Alnor Thermoanemometer, the
sensing probe of which was inserted inmto the return air stream.
Accuracy of values is not assured due to the short length of the return
air duct and the probability of turbulence. Of importance is the ratio
of air velocities under the various conditions. The cross sectional
area of the duct was 0.75 ft.2 The ice utilization efficiency was
calculated using temperatures at 2 1/2 hours and an estimated use of
38 pounds of ice for the test at the lower blower speed.

The reason for the more rapid utilization of ice at the higher
blower speed was further investigated by conducting tests without
clams. This provided an indication of "overhead" or ice utilized to
reduce the temperature of the box and satisfy conductive and convective
heat load. Tests were started with 52 pounds of ice. Low speed

overhead was 26 pounds of ice in 3 hours. High speed overhead was 36

pounds in 2 1/2 hours.

Ice Compartment Design

The effect of ice compartment design on the cooling rate is shown
in Fig. 38. Modification of the ice compartment resulted in more rapid
cooling of the oper wooden basket but had little effecr for the full

flow container. The reason for this difference is not known.

Cooling Medium

Dry ice was used in place of ice as a cooling source under forced
air conditions. The 27 pounds of dry ice were selected for the initial

loading to provide a BTU equivalency to 52 pounds of ice as follows:
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Dry ice sublimes at -109.3°F and requires 246 Btu/lb to do so. The
specific heat of €O, gas at -94°F is 0.1870. The specific heat at 32°F
is 0.1972. If the;e are averaged and multiplied by the temperature
rise from -109° to 40°F an additional heat capacity of 29 Btu/lb is
realized for a total dry ice heat capacity of 275 Btu/lb. The heat of
fusion of water is 144 Btu/lb. The ratic of heat capacities of dry ice
to ice is therefore 1.9 to 1 and 27 pounds of dry ice will be equivalent
to 52 pounds of ice.

Comparative tests of ice versus dry ice were conducted with the
open wooden basket in the modified ice compartment and low blower
speed. The dry ice was broken into lumps no larger than three inches,
since a previous test indicated a reduced cooling rate with a large

single block of dry ice. Table 17 summarizes the results,

TABLE 17. COMPARISON OF COOLING RATES USING ICE AND DRY ICE, THE LOW
SPEED BLOWER AND THE MODIFIED ICE COMPARTMENT

Lbs Tnitial Timg ta Timg to %
Cooling  No. Material temp, 50°F, 40°F, Btu's Btu per
me thod tests start used deg F hr hr used ib-deg F
Ice 3 52 &0 80.6 1.3 2.6 5760 2.45
Dry ice 3 27 24.5 80.8 0.6 1.2 6737 2.38

&

. o .
Btu's used per lb of clams per "F temperature reduction
p p p

A graph of the cooling rates (Fig. 39) shows that dry ice provided
more rapid cooling than did ice. Table 17 indicates that more Btu's
were expended by the dry ice but at the same efficiency as ice. At the
beginning of the test, the full ice compartment acted as a restriction
to air flow whereas the dry ice offered less restriction due to a
smaller volume. The low sublimation temperature cooled the air to the
20-25°F range whereas ice cooled the air to a minimum of 32°F. cClam
temperature readings of 29°F were recorded on occasion at the leading
edge of the basket during the dry ice cooling tests, WNo freezing of

clams was observed but with greater dry ice quantities and longer
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exposure times it appeared likely that some freezing might occur.
During testing in the plastic structure, CO2 buildup was suffi-

cient to cause eye and nasal irritation with as little as two minutes

exposure. However, uo ventilation of the chamber was provided and in

open air as on a boat the €O, should not present any hazard. The clams

2
did not appear as stressed in the forced air unit after the three hour

test as they did after five hours of dry ice cooling in the static box.
One-Bushel Cooling System Using Mechanical Refrigeration

The use of mechanical refrigeration for on-board cooling has
several advantages over the use of ice or dry ice. It is unnecessary
ro pick up ice and haul it to the harvest location. Also, no time 1is
lost replenishing the cooling medium. Cooling 1s constant and
unlimited. Disadvantages include high initial cost and possibly high
maintenance cost depending on the operator's skill and knowledge of
refrigeration eguipment. Thus, because of the potential advantages, a
mechanical refrigeration system was tested.

A used and disassembled automotive air conditioning system was
acquired. The system was assembled by project personnel and included
several additions to the original system. A second evaporator was
added in parallel to the original one and a filter drier was installed
prior to the expansion valve. A condenser fan was also added. The 12
volt DC requirewment for the compressor clutch was met by a 12 volt
storage battery, an automotive alternator and associated circuitry. A
5 hp, 3 phase electric motor provided power for the eatire system.

The compressor, Fig. 40, a York model A209, 2 cylinder, 9 cubic
inch, was designed for Refrigerant 12. The condenser fan first used
was a 3 blade design (Fig. 41). For a fan speed of 1740 rpm a
condenser temperature differeatial of only 12-20 degrees was achieved,
while at 2400 tpm a temperature differential of 31 degrees was
possible. The 3-blade fan at 2400 rpm was unsafe so a used 7-blade
automotive fan was cut to size, balanced and installed (Fig. 42) in
place of the 3-blade fan. Air direction was reversed in that the 7-
blade fan pulled air through the condenser coil, A satisfactory
condenser temperature differential of 38°F was realized during

testing.
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FIG, 40 York compressor used with the mechanical
refrigeration system.

FIG. 41 Three blade condenser fan originally used
in the mechanical refrigeration system.




68

FIG. 42 Seven blade condenser tan used to replace
the 3 blade fan.
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Initial tests of the mechanical refrigeration system were
conducted in conjunction with the ome bushel forced air unit. Ice
compartment screens were removed to provide room for the evaporator
coil just downstream from the blower. No special effort was made to
stop air from bypassing around the side of the evaporator.

Tests were conducted with the open wooden basket and the full tlow
container. The plastic temperature control chamber was used to
maintain a 90°F ambient temperature. Clams were warmed to 80°F prior
to testing as previcusly outlined. Blower speed was 986 rpm.

Frost Formetion was obsarved on the evaporator during operation.
The original air conditioning system thermostat was installed down-
stream from the evaporator and off to the side. A section of rubber
hose over the capillary tube reduced the time response of the thermo-
stat and therchy reduced cycling frequency. The thermostat was
adjustable by turning a control knob which was marked with "max, 4, 3,
2, 1" as Iindicators of temperature. Experience showed that some
manipulation of the thermostat was needed to maximize the cooling rate
without creating an icing condition on the evaporator or freezing of
the clams. With the full flow container and a thermostat setting of 4,
the clams were cooled to 33°F while at a thermostat setting of &4 1/2
they were cooled to 29%F, Tests with the open wooden basket were
conducted at a thermostst setting of 4 1/2 with no indication of
freezing. The restriction to air flow caused by the full flow
container aggpravated the evaporator icing problem, Tests with the full
flow container were conducted at a thermostat setting of 4, and in
addition the compressor was manually shut off for 45 seconds every ten
minutes to defrost the evaporator.

The cooling rates for the open wooden basket and full flow
container in the mechanically refrigerated system are presented in
Fig. 43. A greater rate of cooling of the open wooden basket was
achieved when compared to 1ice cooling at the same blower speed.
Reasons for this included a greater air flow rate at the beginning of
the test, a lower air temperature leaving the evaporator than leaving
the ice and the continuous and consistant cooling provided by the

evaporator. Table 18 provides the test results,
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TABLE 18. RESULTS OF COOLING TWO CONTAINER TYPES WITH MECHANICAL
REFRIGERATION AT THE HIGHER BLOWER SPEED

Alr Test Timg to Time to
No. velocity, duration, 50°F, QOOF,
Contalner tests ft per min hr hr hr
Open wooden 2 1300 2.0 0.4 0.8
Full flow 2 500 0.75 0.25 0.4

Cooling Gradients Within Baskets

Additional information on the nature of the cooling was obtained
by plotting the temperature gradients through the middle level of the
basket in the direction of air flow. Thermocouples number 7 through 12
provided this information. The air stream contacted the front of the
basket at the location of thermocouple number 7. Through the ceater
were numbers 8, 9, 10, 11 and at the back number 12. For the full flow
container numbers 1l and 12 were at the back. Figs. 44-49 present the

gradient data plotted every 1/4 hour for the first hour, then every

1/2 hour thersafrer. At 1/4 and 3/4 hours the lines are dashed for
clarity. "Front” refers to upstream (of airflow) side of the basket in
Figs. 44-49.

Fig. 44 provides the gradient pattern for the solid wooden basket
cooled with ice. The closeness of gradient lines reflects the rela-
tively slow cooling rate exhibited. The rear of the basket cooled
faster than the front. The center was the slowest to cool. The nature
of the curves indicated conduction played a roll in the cooling of this
type container. Fig. 45 shows the nature of cooling within the open
wooden basket. Convective cooling of the front and center is
indicated. Cooling rate aof the back did not differ much from the solid
basket. Fig. 46 is the cooling gradient plot for the wire basket,
which demonstrated a consistent gradient from front to back. Cold air
passing those clams at the front of the basket was warmed which thereby

reduced its cooling cffectiveness further downstream. Fig. 47 shows
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the gradients for the full flow container coonled with ice. The flatter
slope of the gradient lines indicated sore uniform cooling, a result of
higher air flow rates.

Fig. 48 provides the cooling gradients for the open wooden basket
when cooled by mechanical refrigeration. The lower slope of the
gradient curves compared to those of Fig. 45 is a result of the greater
blower speed and the continuous full flow of air. Fig. 49 provides the
cooling gradients for the full flow container cooled with mechanical
refrigeration. The nearly horizontal gradient lines were the result of
the high air volume passing through ihe container. This is the most
desirable cooling of any shown in Figs. 44 through 49 since it lowered

the temperature the most rapidly and the most uniformly.
8ix~Bushel Forced Air System

The one-bushel forced air unit previcusly discussed served to
evaluate container desizn, cooling source and air flow rate as factors
in the cooling of clam shellstock. Commercial harvest involves the
taking of a larger number of bushels as rapidly as both the resource
and human ability allow. A harvest rate of six bushels per hour could
be achievad with a dense population of large clams. A full seven hours
of harvest time to take 15 bushels would more likely represent the
usual harvest rate., For the purpeses of testing, a harvest rate of
4 bushels per houv was selected. Once cooled, clam temperature has to
be maintained. The holding of clams in the unit used for imitial
cooling eliminates the need for transfer labor as well as the need for
a second unit. The c¢urrent legal harvest is 15 bushels per day. A
unit of this capacity would have been expensive ro build and evaluate.
Since a six-bushel unit was the smallest sized unit which could
adequately simulate commercial harvesting operations, a unit of this
size was constructed.

Fig. 50 shows the six-bushel unit with the mechanical refrigera-
tion system installed. The unit was designed for two rows of three
bushels each. The original system incorporated a set of baffles for
air flow control and an underflcor plenum system for air return. The

same blower was used as in the one-bushel unit, but the blower was
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FIG. 50 Six-bushel forced air clam cocling unit as
tested with the mechanical refrigeration unit.

o i

-
%

- %%.

TR

FIG. 51 Jack shaft on the refrigeration unit used to
power the blower.
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driven from a jack shaft on the refrigeration unit (Fig. 51) or, if ice
were the cooling source, by a 3/4 horsepower 3-Phase electric motor.
Box construction features included a 1/4 inch plywood inner panel, one
inch of styrofcam insulation and an outer 1}/2 inch plywood panel.
Gaskets on the lid-box interface reduced air leakage.

When air returned through the underfloor plenum, loading was
esither in one c¢hannel for the first three containers followed by
loading in the second channel, or loading in alternating channels as
each baskel was placed in the unit. Manual air baffle manipulation was
required to divert all air into the first channel loaded. The first
basket placed in the second channel required readjustment of the
baffles to divide air flow between the two channels. Directing air
flow through the two parallel channels reduced air flow per channel
and, consequently, reduced the cooling rate.

Loading sequence was such that the downstream location was
utilized first. Therefore each container was exposed to a fresh supply
of cold air for 15 minutes, at which time a warm basket was placed
upstream from it. With alternate side loading this interval was 30
minutes.

Cooling results using ice in the parallel chamber configuration
are presented in Fig. 52 for in-line loading and Fig. 53 for alternate
channel loading. Table 19 summarizes the data and indicates that
loading sequence made Little difference in average temperature of all
baskets after 4 1/2 hours of cooling {i.e., 3 hours after the last
basket was placed in the box). Comparison of the cocoling rates shown
in Figs. 52 and 53 algo supports this conclusion throughout the coeling
period.

"Overhead' heat loss, the ice used only for cooling the box and
overcoming heat influx, was found to be 77.5 lbs of ice in & 1/2 hours
when the box was operated in an ambient air temperature of 90°F,

The coocling rate of full flow containers was not tested in the
six-bushel unit using ice as the cooling source.

The mechanical refrigeration system was extensively modified for
use with the six~bushel cooling unit., The 5 hp drive motor was turned
end for end to place it in a position suitable for future replacement

with a gasoline engine. Condenser fan support brackets and the drive
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shaft were rebuilt and strengthened. A jack shaft, driven from the
condenser fan shaft, was added to supply power to the blower. A high
pressure cutout was added to the refrigeration system for safety
purposes. Refrigerant pressure gauges for the high and low gide were

installed to monitor operation. No changes were made to the two

parallel evaporators,

TABLE 15. RESULTS OF COOLING 6 BUSHELS OF CLAMS, LOADED AT 15 MINUTE
INTERVALS, WITH TWO SEQUENCES OF LOADING

Average Average %
Loading No. Ice used, initial temp at Btu per
sequence  tests 1b temp, deg F 4 1/2 hr, deg F lb deg F
In-line 2 175.5 81.7 46.0 2.0
Alternate 2 162.8 8l.1 48.9 2.2

AL

"Btu of ice used per lb of clams per deg F

Several preliminary tests were conducted with the cooling
chambers in parallel, 1.e., air return via the underfloor plenum. The
problems of baffle position adjustment persisted with test personnel
either forgetting (v move one at the correct time or guessing at an
incorrect setting, the result of which was unequal channel cooling.
The unit was modified by blocking off the underfloor plenum, removing a
section of the center baffle at the end opposite the blower and opening
an inlet hele into the blower cempartment adjacent to the blower. Air
then flowed in a horizontal U-pattern. The first basket to be loaded
was placed next to the blower inlet while the last to be loaded was
placed just after the evaporator.

It was observed that baskets cooled unevenly. Some of this was
attributed to varied widths between the slats of the individual
baskets, Uniformity of slat spacing was achieved by recutting all
grooves to 1/2 inch wide with the basket dry. Swelling of the slats

when wet reduced the spacing to approximately 3/8 inch,
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The presance of ice on the evaporator co1l, when not corrected,
reduced alr velume and the cecoling rate. Several solutions to this
problem were investigated. One was to shut off the compressor for
several minutes until the ice melted. The amount of timz needed
depended on the severity of icing and the overall temperatu » within
the unit. For a given amount of ice, the defrost time was lengthened
the further into the test the icing occurred. Attempts were made Lo
detect evaporator icing electrenically by means of a light beam, photo
cell, appropriate time delays and a switching civcult to contvol the

clutel. Problems occurred due £o the thermal sensitivity of

COTMRT

the light detesting transister. The designer of the circuitry felt

that & working could be daveleoped, but time did not

permilt complebs

=N,

Another mweans to eliminate evaporstor £t

ze-up was through the
use of a hot gas bypass valve installed in the refrigeration system
just after the compresscr., The valve sensed svaporator pressure which
1s directly proporticanal to evaporator temperature. When the pressure

dropped below a certain preselt point, the valve opened to allow a small

amount of hot ve gerant gas to bypass the condenser and expansion
valve in order to raiss the evaporator pressure. When properly sert,
the valve sevved Lo maintain the temperature of the evaporator just

ice formation cccurred,

above the poing

The performasnce of the mechanical refrigeration system with

respect to cooling six bushels of clams loaded singly at 15 wming

intervals is presented. Filg. 54 provides the cooling curves f{or the

modified wooden baskel and a blower speed of 900 rpm. Fig, 35 shows
the results of cocling the full flow container at a blower spead of

wooden

900 rpm.  Fig. 56 shows the results of cooling the modifisd
basket at a blower speed of 1100 rpm; Fig. 57 shows the cooling vate

tor the full flow contaziner at 1100 rpm; and Figs. 58 and 59 show the

o=l

cocling rate for hoth container types at 1300 rpm. Table 20 summari
the data.

The value of AT iz Table 20 is the difference between the average
of the temperatures of the six containevs as they were placed in the
cacler and the average of all containers at 2 hours from the start of

the test.
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Figs. 54-59 and Table 20 point out that the cooling rate 1is
greater for the full flow container than for the modified basket,
Also, cooling rate increases as air flow rate, as indicated by a higher
blower speed, increases. The amount of cooling effected prior to the
addition of another basket was greater at the higher blower speeds.
The rate of coocling during the first 15 minute period is greatly
reduced upon addition of a warm container upstream from it. Thus, it
is important that system capacity and air flow rate be designed to cool
each container to the desired temperature prior to the addition of the
next harvested container. Since the same refrigeration capacity was
available in all tests, these tests demonstrate that providing suffi-
cient refrigeration capacity in terms of compressor size to cool the
clams is not sufficient for efficient or even adequate cooling.
Sufficient air flow must also be provided to cool the clams. Because
of these problems, refrigeration equipment for on-board, or any appli-
cation, should not be "jury rigged" but must be designed by a competent

refrigeration specialist.

TABLE 20. SUMMARY OF SIX-BUSHEL MECHANICAL REFRIGERATION DATA

Blower AT at Temperature

speed, No. * 2 hrs, at 4 hrs, Figure
rpm tests Container deg F deg F reference
900 2 MWB 31.5 37.8 54

900 2 FFC 35.6 37.3,4 55
1100 2 MWB 33.2 39.6 56
1100 2 FFC 38.9 36.4 57
1300 1 MWB 38.8 37.1 (3 hrs) 58
1300 1 FFC 40.2 36.3 (3 hrs) 59

%*
MWB — Modified wooden basket
FFC - Full flow centainer

wk
One of the two tests was conducted with the hot gas bypass valve
installed.
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The refrigeration system capacity was estimated based on measure-

ments of blower speed, static blower pressure and the difference in air

temperatures across the evaporator. From the above values of pressure
and rpm and the performance tables for the blower, an air flow volume
was calculated. The only measurements needed to use the blow:r tables
were static pressure and blower rpm. The latter is easily and
accurately determined. A 25% error in measuring the pressure would
result in a 9% error in calculated blower capacity (this figured at
900 rpm and 0.2 in. water). Refrigeration capacity was calculated
using an air density of 0.081 lbm per cu. ft. and a specific heat of
air of 0.24 Btu per 16m-CF (at 32°F). Table 21 provides a summary of

the calculated wvalues.

TABLE 21. ESTIMATE OF HEAT CAPACITY OF REFRIGERATION SYSTEM

Blower Static
Test %~ Speed, pressure, Air Vol, AT, Capacity,
No. Container rpm in. H,0 cfm F deg Btu/hr
6B-22 FFC 900 .2 764 20.6 18,360
6B-26 MWB 1100 .3 926 6.9 7,450
6B-29 FFC 1300 .37 1150 10.6 14,220

*
FFC = Full flow container
MWB = Modified wooden basket

The temperature drop across the evaporator, AT, was the average of
the rthree highest instantaneous differences as measured at the
15 minute recorder cycling intervals. Tests 6B-26 and 6B-29 were
conducted with the hot gas bypass valve installed, and it is apparent
that system capacity is reduced due to the short circuiting of refrig-
erant. In addition, it was determined that the average air temperature
reaching the first container was 34 .6°F without the valve and 40.7°%F
with the valve, Tnsufficient tests were conducted with the bypass
valve installed te¢ fully measure its effect on system capacity and

cooling ability.
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The six~bushel cooling unit was made portable through the direct
replacement of the electric motor with a gasoline engine (Fig. 60). A
centrifugal clutch was attached to the engine crank shaft to remove the
load at starting. The motor had sufficient power to run the unit, even
at partial throttle. Vibration of the entire unit was seve-e. The
engine was attached through rubber mounting blocks, but this did not
provide sufficient vibration damping. Fear of refrigeration tubing
failure (a safety hazard) due to the vibration dicrated that the unit

not be tested. Time did not permit remounting of the engine.
Conclusions

Soft shell clams can be rapidly and effectively cooled in the
container into which they were placed at harvest, The rate of cooling
was found to be directly proportional to the amount of cooling air
forced through the container. In turn, the amount of air passing
through the container depended, in order of importance, on the openness
of the container side, the air flow rate applied and the shape of the
container as it affected air bypass around the container. With no
forced air flow as in a natural convection unit, container design had
no effect on the cooling rate, but cooling was slow.

The source of cooling also affected cooling rate in the several
units tested. Dry ice caused more rapid cooling than ice in the
natural convection unit and in the one-bushel forced air wnit.
Mechanical refrigeration provided more rapid cooling than ice in the
two forced air units due to its increased cooling potential and lower
restriction of air flow. Using dry ice presents some risk of freezing
the clams due to the low temperature of dry ice.

Cooling without forced air resulted in an estimated cooling time
from 80°F to 50°F of 7 to 8 hours and to 40°F of 10 to 12 hours. With
forced air and ice, cooling to 50°F was accomplished in 4.4 hours with
a closed side wooden basket, in 2.0 hours with a 12% open side basket
and in 0.6 hours for the full flow container. A single full flow
container of clams was cooled to 50°F in 0.25 hour using mechanical

refrigeration. In a six-bushel unit with mechanical refrigeration,
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FIG. 60 Gasoline engine installed on the mechanical
refrigeration system making it portable.
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clams placed into the unit at 15 minute intervals were cooled an
average of 30 F degrees within 15 minutes of the time of loading.

0f the cooling methods tested, the system using natural air
convection and ice or dry ice appeared to be least useful to the
industry due to its slow cooling rate. The use of dry ice as a cooling
source was felt to be impractical due to its general unavailability,
high cost and specific handling requirements. The use of ice for on-
board cocling would be a workable method for the waterman who can
manufacture his own or otherwise readily obtain it.

A refrigeration system could be installed on some but not all clam
boats. Three sources of power are suitable for supplying the power to
run a refrigeration system on a clam boat: the boat's push motor, the
pump motor or an auxilliary internal combustion engine. Drawbacks
exist for all three. The push motor is operated at a normal speed
during travel to and from the harvest area but at slow speed during
dredging. The pump motor operates only during the dredging operation.
A third internal combustion engine adds to initial costs, operational
costs and noise during operation. Transfer of power from the power
source to the compressor can be mechanical (i.e., a V-belt drive),
hydraulic or electrical (by use of a generator-motor combination). The
main advantage of electrical power transmission is in the use of the
hermetically sealed compressor (compressor and motor are sealed within
the refrigeration system). Items of expense would include boat
modification, the cooling box, a refrigeration system and a source of
power. The maintenance required by the refrigeration and cooling
system would be a significant addition to that already required by the

boat and harvest equipment.
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V. ON-BOARD COOLING OF SOFT CLAM SHELLSTOCK

The studies of the growth rate of bacteria in clam shellstock
determined that a correlation existed between temperature, time and
bacteria numbers. A storage temperature of 70°F or above allowed a
greater rate of bacterial growth than did a temperature of 50°F or
lower. Clam temperatures of 80°F have been observed as they were taken
from the water. It is the industry practice to temporarily store
harvested baskets on the boat deck and/or truck until refrigerated.
Clam temperatures of 85°F in the center of the basket have been
observed during this period. These naturally occurring temperatures
are well within the range previously found to contribute to rapid
bacterial growth in the clams, It was, therefore, suggested that
cooling immediacely upon harvest might improve bacterial quality of
the clams when compared to clams allowed to remain warm for longer
periods of time after harvest. Thus, two studies were undertaken to
establish the effect of immediate cocling on clam quality: a limited

study in 1974 and a more extensive study in 1975.

The 1974 Tests

The 1974 study was designed to answer the following two questions:
1. What is the effect of immediate cooling of clams after harvest on
the bacteria level at one hour after harvest? This was prompted by a
finding that the bacteria level of highly contaminated clams rapidly
increased within the first 1/2 hour after harvest (personal communica-
tion with Mr. William King, Maryland Department of Health & Mental
Hygiene). And question 2: Because of this possibility of rapid
bacteria growth, must the bacterial analysis procedure be initiated on
the boat through the use of a portable lab, or will the results be
similar if live clam samples are iced and transported to a laboratory

for analysis as is the current standard procedure.



Five harvesting trips on the clam dredge Tiny Lou were made for
this study. The ne=cessary equipment included the one-bushel forced air
cooling unit described in section IV, a 1500 watt engine driven gener-
ator to operate the blower motor, two conventional wocden bushel
baskets and a shop constructed full flow container. Sufficient
laboratory equipment was taken on board to initiate bacteria analysis,
some of which is shown in Fig. 61. Correct incubation temperature was
achieved through the construction of the portable incubator shown in
Fig, 62. It consisted of an insulated plywood box heated by three
40 watt light bulbs and a small circulating fan. Temperature was
thermostatically controlled. Power for the blenders and incubator was
furnished by a small 110V generator already on the boat.

The first trip out served to check out equipment and techniques.
Data was collected on the four succeeding trips. Clams were first
harvested into the wooden basket and placed on the deck as the control.
An empty basket was inverted over the full basket as per current
industry requirements. The full flow container was filled with clams
as harvested and placed in the cooling unit where it was cooled with
ice as the coeling source. The temperature of the clams was reduced to
the 40°-45°F range in approximately 35 minutes,

Sampling was done just as filling of the container was completed
and again one hour later, The time interval between the filling of the
first and second containers provided a one-half hour interval for
sample analysis, during which time two samples could be processed.
From cach container at each sample time, four samples of 8-12 clams
each were taken. Two of the samples, in polyethylene bags, were placed
in ice for subsequent lahoratory analysis. The remaining two were
shucked, blended, diluted into appropriate media and placed in the

incubator.

Results of 1974 Tests

Results at the two analysis locations (boat vs. lab) were first
tabulated, Table 22. A different number of paired samples resulted
from a breakdown of the analysis procedure for one or both individuals

of several of the sample pairs. Five total coliform values {(three from
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FIG. 61 On-board bacterial analysis equipment.

FIG. 62 Portable incubator for on-board
bacterial amalysis.
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boat, two from lab) were above 160,000 per 100 g and were eliminated

due to suspected sample contamination.

TABLE 22. COMPARISON OF BACTERIAL ANALYSIS RESULTS WHEN CLAMS WERE
PROCESSED ON THE BOAT VS. ICED AND LATER PROCESSED IN THE LABORATORY

(1974) .
Total Coliform Fecal Coliform

Plate Count {(Count/g) (count/100g) (count/100g)
Boat Lab Boat Lab Boat Lab
151,500 133,000 7,050 1,300 665 250
148,000 93,000 3,000 1,700 10 2,100
207,000 125,500 3,150 1,700 20 1,700
56,000 150,000 17,500 4,420 10 480
93,500 174,500 11,000 2,950 1,490 70
157,500 89,000 360 870 680 50
3,300 13,350 0 0
2,920 3,550 0 0
1,400 660 0 0
3,000 340 0 0
11,000 29,500 0 105
85 0
Average 135,600 127,500 5,790 5,485 247 396

Using a paired sample technique the standard error of estimate of
the difference was calculated using the logarithm to the base 10 of the
plate count, total coliform and fecal coliform data shown in Table 22.
The standard error of estimate for the difference in plate count
between boat and lab analysis was .043, 1.30 for the total coliform
differences and -0.69 for the difference in fecal coliform. Nome of
these values are significantly different at the 5 percent level. Thus,
based on the limited tests run there was no difference between starting
the laboratory procedure immediately on board the boat or icing the
samples and analyzing them after returnimg to the laboratory. Since
icing the samples was much easier and convenient and is the procedure
recommended by standard methods, the icing technique was employed for

tater tests,
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The data shown in Table 23 was developed to determine the bacteri-
al growth rate during the first one hour after harvest in clams
receiving immediate refrigeration versus clams receiving conventional
rreatment. Table 23 shows the plate count, total coliform count and
fecal coliform count found in soft clams at harvest and when sampled
one hour after harvest. The samples designated "cool" were refriger-
ated on board immediately upon harvest while the samples labeled "warm"

were left on the boat deck as is conventionally done in the industry.

TABLE 23. BACTERIAL COUNT TN SOFT-SHELL CLAMS AT HARVEST AND AT
ONE HOUR AFTER HARVEST USING CONVENTIONAL PRACTICES AND USING
IMMEDIATE ON-BOARD COOLING (ALL VALUES ARE PER GRAM OF SAMPLE)

Plate (ount Total Coliform Fecal Coliform
Harvest Cool Warm Harvest Cool Warm Harvest Cool Warm
123,000 123,000 114,000 92 26 32 9.3 0 0.2
180,000 173,000 30C,000 49 13 28 4.0 0.2 0.2
145,000 82,000 130,000 21 2400 17 4.5 24 17
117,000 104,000 121,000 4.9 1600 17 0.4 18 17

33,000 84,000 127,000 24 130 - 0 27 6.8
80,000 103,000 188,000 39 220 110 0.2 2.7 6.8
88,000 110,000 118,000 17 9.3 35 5.5 0.7 0.4
212,000 239,000 60,000 17 79 24 4.0 0.7 0.6
10,000 3,800 - 4 17 49
13,000 - 83,000 3.2 49 9.3
16,000 104,000 85,000 2.4 47 49
18,000 13,000 19,000 15 220 22
5,400 12,300 14,600 14 49 110
2.1 3.4 240
11 3.4 350

The data in Table 23 was used to determine if there was a rapid
bacterial growth in samples within the first one hour after storage,
The data was analyzed by first taking the logarithms of all values in
Table 23. Then for each set (i.e., plate count, total coliform and

fecal coliform data} the differences 1in the logarithms of paired
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samples were calculataed. Differences calculated were the "cool"
samples winus the as harvested values, "warm'" samples minus the as
harvested values and the "warm' valves minus the "cool" wvalues.
Standard error of estimate was calculated for each difference and its
statistical significance calculated by mesans of a t test.

Table 24 shows the mean of the differences, the standard devia-
tion of the differences, the number of paired samples and the standard
error of astimate for esch difference calculated. The plate count data
show that the nomrefrigerated, "warm," samples had a statistically
detectable incresse in bacterial numbers after ome hour. A change in
bacterial populatien im the rooled samples was not detectable within
the one hour test period. Plate count data also show there were no
statistically significant differences in the difference In bacteria

"warm' samples after ome hour. Thus, for

numbers between ''cocol"” and
plate count there was a detectable bacterial growth in only the
nonrefrigerated baskets in one hour, but at the end of one hour there

"eool" samples.

was no detectable difference between the "warm" and
This apparent contradiction can be explained if the "cool" samples
experienced scme bacterial growth duving the first hour, but the
difference hetween at harvest and one hour later was insufficient to be
statistically detectable. However, this growth was sufficient to
eliminate a statistically significant difference between the "cool"
and "warm' samples after one hour.

Total coliform data, Table 24, indicates there was a statisti-
cally significant increase in total coliform populations in both the

"eool" and "warm" samples during the one hour test period. Since there

1

was no detectable difference between "warm' and "cool™ samples after

one hour, total coliform growth under the two treatments appeared to be
nearly the same during the test period.

Fecal coliform growth was insufficient during the one hour test
period to be detected. Thus, fecal coliform growth rate cannot be
determined in a one hour period for the clams used and the limited
nunber of samples available. It should be noted that there were no
fecal coliforms detected in many of the sawmples tested at any time.

Thus, since these samples gave no information on fecal coliform growth,
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it resulted in a smaller number of sampies available for fecal coliform

comparisons.

TABLE 24, ANALYSLS OF DIFFERENCES IN BACTERIAL COUNT FOR SOFT CLAMS
AT HARVEST AND ONE HOUR LATER (BASED ON LOGARITHM TO THE BASE 10
OF THE ACTUAL COUNTS)

Standard
Number of Mean deviation Sample
Difference pairved samples difference of difference T value
Plate Count
Cool-Harvest 12 .08 .33 0.84,
Warm—-Harvest 12 .22 .38 2.01
Warm-Cool i 045 .24 0.62
Total Coliform
Cool-Harvest 15 .66 .92 2.78,
Warm—Harvest 14 .58 .71 3.06
Warm—Cool 14 .08 1.19 0.24
Fecal Coliform
Cool-Harvest 3 .13 1.22 0.30
Warm-Harvest 8 -.05 1.34 -0.11
Warm—-Cool 8 -.18 0.35 -1.45

*
Significantly d:fferent from zero at the 5.0 percent level.

The 1975 Tests

The lack of short term effects of immediate cooling did not rule
out a possible effect over a longer period of time. The 1975 on-board
cooling studies were designed to compare the current industry handling
practices against the use of immediate cooling after harvest when
compared over a 48 to 50 hour period. Industry methods were the

control and included the placement of full baskets on the boat deck
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with an inverted basket over the top of each providing the only
environmental conirol. Upen docking, the full haskets were trans-—
ported by truck to a walk-in ceoler. In the industry the time intervval
from harvest ro cocler may be as long as 9 hours for first harvested
baskets but will he less than six hours for the average basket
barvested.

A boat and clam dredge "Tammy Lyun', Pig. 63, operating out of
Shadyside, Maryland, was provided on a contract hasis for this study.
Testing was started in May to correspond £o the onset of warmer weather
and water and continued on a weekly basis up to mid-September. A
maximum of one test per week was possible since sampling and analysis
required six days.

he tests were ovganized to include a vontrol and treatment in
each of twe groups. The control clams were harvested In new convens
tional wooden bushel baskets, covered with an inverted basket and
placed on the boat deck at ambient temperature. The treated clams were
harvested inte shop construcred full flow centainers, The full flow
containers were cooled immadiately upon filling on the harvest boal and
maintezined ac 40°F until placed in 2 refrvigervated storage box. Two
different refrigerated hoxes were used, with ope treatment and one
control basker going to each. The fivst wss a borrowed reshipper's
cocler adjacen: o the beat dock, This consisted of a reclaimed
refrigerated truck body of sufficient size to allow baskets to be
placed five wide, Tive high and eight deep froot te back., However,
test baskats were placed near the doov to provide accessibility for
sampling and to aveld mixup with commercisl nlams. The second refri-
geration &ystem was a household vefrigerator in the Agriculrural
Engineering Deparvtment in College Park. This was modified slightly te
use a more 4ccurste theruwostat. Tharmocouple wires were placed in
three clams near the center of the contrel basket to monitor tempera—
ture pull down rate. The full flow container was monitored for
temperature stability as was the refrigerator alr temperature.

A flow chart for the four containers is provided in Fig. 64.
Containers were harvvested in numsrical order as fast as rvesocurce
availability would perwmit, This was as ilittle as 20 minutes, but more

often 60 minutes or more per bushel. Gontainer number 1 (control) and
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FIG. 63 Clam boat used for the 1975 on-board cooling studies.
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? 2 samples each container
as filled (8samples)
4
conventional wooden
bushel basket
Wire container
80°F X
boc! . Portab! li it
deck ' ortable cooling uni
40°F |~ ysed on boat ond truck
80°F £
Pick-up
fruck
. ] 2 samples from each container
40°F before placement of container
Reshipper 40°F in refrigerated storage
coohr, (8 samples)

shadyside Refﬁgerufor:
college Park

Additional sampling: 2 per container each of 2 days
following test day. (i6 samples)

FIG. 64 Flow chart and sample schedule for the 1975 on-board cooling
studies,
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number ? (treatment) went to the reshipper's cooler. Containers
number 3 (control) and number 4 (treatment) went to the College Park
refrigerator. During transport the treatment containers were kept in
the cooling unit and the unit run as necessary to maintain temperature.
The 1500 watt portable generator powered the cocling unit blower motor
during transport by either beat or truck. The one-bushel cooling unit
previcusly described was used. The ice compartment was shortened
slightly to allow room for two of the wire full flow contairers. The
confainers in tuen weve built to hold slightly less than one bushel so
that both would fit into the cooling channel.

The number of clam samples taken during each week's study was
limited by the capacity of the laboratory to 32. Two samples were
taken from each container at four separate sample times. Samples were
taken as soon as the container was filled, just prior to placing it in
the storage refrigerator, at approximately 25 hours after harvest and
at approximately 49 hours after harvest.

The test procedure was as follows. On Friday afternoon four
12 gallon ice chests were filled with ice and placed in a walk-in
freezer (ice was not available early Monday morning). The pickup truck
was also loaded, Fig. 65, and an additional car acquired. The loading
of the cooling unit and generator by one man was made possible by a
hoist constructed for this purpose, Fig. 66. On Monday morning the ice
was retrisved, loading completed and both truck and car driven to
dockside by first light. Travel time from dock to the harvest site
varied from 30 minutes to 1 1/4 hours. At the completion of filling of
the four rontainers the boat returned to the dock to unload. The hoist
was necessary during unloading as the cooling unit was kept closed
during handling with two containers of clams and ice inside. As of
docking, the wighr harvest samples had been taken and iced. The
technician driving the car returned to College Park with these samples
and helped a second technician with the initial processing. The pickup
truck with one individual remained at the dock to establish the
appropriate interval between harvesting and placement into permanent
refrigeration. Ambient and basket temperatures were monitored during
this period and the containers in the cooling unit were maintained as

close to 40°F as possible. At approximately 2:30 PM containers 1 and 2
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FIG. 65 Pickup truck and equipment used for the 1975
on-board tests. Three additional ice chests

are not shown.
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were samplad, ther placed in the reshipper's cocler. The samples were

iced. The truck rveturnad to the Collsge Park Laboratory where samples

were taken of containers 3 and 4. The second technician then hegan
processing the eight prerefrigeration samples. Containers 3 and 4
were t©hen placed in the refrigerator. On the following and next

succeeding morning a technician took two samples from each of the two
containers in the reshinper's cooler, two samples from each of the
containers in the ©£ollege Park refrigevator and submitted these
8 samples to the laborvatory for analysis. A total of 32 samples were

thus generated.

Results of 1975 Tests

While on the boat, measuremsnts were made of the salinity and
water temperature of the harvest arvea, These values along with the
antilog of the geometric mean of the initial bacterial levels are
presented in Fig. 67. The salinity showed a marked increase throughout
the summer, while water tempavalure increased to a maximum measured
value of 83°F in early August, then decreased. No vertical water
temperature variabion was ohserved at any sampling point. Table 25
gives the data from which Figure 67 was plotted as well as harvest
location.

Several attenpts were made to correlate harvest location with
bacterial count at harvest. Unfortupately, the data are too limited to
define any trends in bacterial count with harvest location.

Appendix B contains s tabulation of the bacterial data from the
1975 on-board cacling studies. Samples taken at harvest were cousider-
ed to be the zero hour for each container. The interval to the next
three sample times was veferred to the zers hour for the container
being sampled. The average time for all the data to the second, third
and fourth sample times was 6.3, 25.4 and 49.3, hours, respectively.

An analysis of variance was done on the 1975 on-board cooling data
as the first step in analysis. Table 26 shows rthe analysis of variance
(AOV) table for plate count while Table 27 shows the AOV table for

total coliforms and Table 28 the AOV for the fecal coliforms,




BACTERIA COUNT

SALINITY { %)

107

PLATE COUNT / gram

TOTAL COLIFORM

/100 qrams
10° | g
102
FECAL COLIFORM / 100 grams
10
0 Mo ddomnl s o |
0T SALINITY 100 _
8 |- Z
6 |- ~ ao;
s | WATER TEMPERATURE E
Jung i July i Aug —— —
9 | | | | | | | | § | | | 60
0 20 40 80 80 100 120

DAYS FROM TEST INITIATION

FIG. 67 Summary graph of initial bacterial levels, water
temperature and salinity at all harvest locations.
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Tabla 26 shows that only run (i.e., test); temperature (i.e.,
refrigerated or not refrigerated) and time since harvest are signifi-
cant variables. The significance of runs was expected since each test
came from a different location. However, the significance of runs is
difficult to define in meaning. Obviously, location is involved, but
other variables such as bottom type, salinity, ete. may also be

compounded in this value.

TABLE 26. ANALYSIS OF VARYANCE OF PLATE COUNT DATA FOR THE 1975
ON-BOARD COOLING STUDIES

Source 55 DF MS F

Runs 45.483 13 3.499 20.83 *
Temp (F) 1.507 1 1.507 8.97 *
Cooling methed (C) 017 1 017 ¢.10

FXC .089 1 .089 0.53
Error 1 6.550 39 .168

Time (T) 3.036 3 4,345 30.39 *
TXF 0.044 3 0.015 0.10

TXC 3.659 3 0.220 1.54
TXFXC 4.353 3 0.118 0.82
Error 2 51.539 361 0.143

*
Indicates significant values at the 5 percent level.

Table 26 also shows cooling method (i.e., whether cold storage
was provided by the commercial cooler or by the refrigerator in
College Park) was not significant. Thus, both cooling systems provid-
ed equal control of bacterial growth as measured by plate count.
Tables 27 and 28 show the same is true for total coliform and fecal
coliform growth. Thus, the refrigerated and control samples placed in
the commercial cooler and the paired samples placed in the laboratory
cooler (refrigerator) can be averaged together, since there is no
treatment diffevence contributed by the two cooling methods. Thus, the
four treatments are reduced to two treatments: an on-board cooled and
a control. Thus, the geometric mean for the on board refrigerated and

control samples was calculated for each sample time. The agntilog of
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these values is pletted in Fig. 68 for the plate count data. Figs. 69
and 70 are similar plots for total coliferm and fecal coliform data,
respectively.

Table 26 indicates refrigerating the clams on-board the hoat is
significant. Fig. 68 shows that the refrigerated clams had a lower
bacterial count than the control from harvest to the end of the 49 hour
storage period. However, since there is no significant interaction
hetween time and temperature the lines in Fig. 68 describing the

the control and refrigerated samples are

geometric averages

parallel from a statistical viewpoint, Since the refrigerated samples
started at a significantly lower average value and the lines are
parzllel, there iz some guestion whether the significant difference
chserved due to refrigeration occcurved because the ipnitial average
(geometric) of the refrigerated sawples was less than that of the
controls or the sffect is real. Since the slopes of the lines in
Fig. 68 are the same (i.e., the hacterial growth rate for the refriger-
ated and control samples is the same) further doubt is cast on the real
meaning of the significant difference ohserved.

Time after harvest was also a significant variable for plate
count. This might be expected as the bacteria grow with time. All
samples, including the controls, were vefrigerated after approximately
six hours cut of the water. Thus, after sizx hours the bacterial growth
rate of the refrigerated and control samples might be expected to he
similar. However, because of the temporature difference expevienced
by the refrigerated amd contral samples during the first six hours
after harvest some variation between these two treatments is expected
during the first six hours. Hewever, the experimental data indicates
no detectahile difference between bacterial growth rate, as measured by
plate count, of refrigecated and control samples during the first six
hour period.

Table 27 shows the AOV table for the total coliform data. Here
only run and refrigerated versus contrel are significantly different.
The difference in runs is probably attributable to the same variables
as for runs in the plate count data which was discussed above. The
effect of immediate rvefrigeration is shown in the significance of

temperature. Fig. 69 shows that the samples refrigerated on board had
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a lower rofral coliform count than the controls. Statistically the two
lines in Fig. 69 are parallel, bot they are different from each other.

Thus, the immediate refyigevation did reduce total coliform counts in

these tests.

TARLE 27. ANALYSIS OF VARIANCE OF TOTAL COULIFORM DATA FROM ON-BOARD
COOLING STUDIRS

Source 358 DF MS F
Run 4,681 16 5.918 8.00 *
Temp (F) 4.007 1 4.007 5.42 *
Copling method {(C) 0.131 1 0.131 .18
FXC 2.640 ! 2.640 3.57
Error 1 35.516h 48 0.740
Time (T) 0.096 3 0.032 .06
TXF 2.581 3 0.860 1.52
TXC 2.940 3 0.980 1.73
TXFRC 0.919 3 0.306 0.54
Error 2 239.428 458 0.5606
Total 537

* . e
Indicates significant values at che 5 percent level.

It is also interasting to pote that time and cooling method are
not a significant variable for total coliforwm. Thus, the laboratory
and comuercisl refrigerators gave the ssme results as noted previous-—
ly. The lack of significance of time shows that there is no detectable
growth of total coliform in the clams, either refrigerated or control
lots, during the entire 49 hours of storagze after harvest. Fig. 69
tends to indicate that the total celiform count in the control lots of
clams does increase. However, because of the variability in the data
the apparent increase in total coliform counts shown in Fig. 69 is not
statistically significant.

Table 28 ghows the AQOV table for the fecal coliform data. Only
runs and the interaction of tempersture (F) and time after harvest (T)
are significant statistically. The significance of runs has the samo

explanation as given for runs in the plate count data above.
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TABLE 28. ANALYSIS OF VARIANCE TABLE FOR FECAL COLTFORM DATA FROM
THE ON-BOARD COOLING STUDIES

Source 55 DF M8 F
Runs 76 .289 15 5,086 6.75 *
Temp (F) .145 1 145 0.19
Cooling method (C) .019 1 .019 0.025
FXC .034 1 .34 0.045
Error 1 33.917 45 .754
Time (T) 0.012 3 .004 0.008
TXF 5.877 3 1.959 4.13 *
TXC 1,030 3 0.3433 0.72
TEFXC 1.408 3 0.4693 0.99
Error 2 203.896 430 0.474]18

* .
Indicates significant values at the & pevcent level.

The fact that temperature, cooling method and time are not
individually sigaificant bub the interaction of time and remperature
is requives further analysis. Lack of significance of cooling method
shows that the laboratory and commercial refrigeration systems gave
equal results for faecsl coliform data, as for plate count and total
coliform dsta. To further determine the weaning of the tewmpersture-
time interazction, a SNK (Student~Neuman-Kool) test was run to
determine which means ware different from each other. The results of
this test is shown in Table 29. The differences beltween various values
can be asscertained by comparing superscripts in Table 29 and observing
the plot of the data, Fig. 70. Looking across time for the control
samples, Table 29, the zero hour value is significantly different from
the 6, 25 and 4% hour values. The 6 hour value is significantly
different than the zere and 49 hour values only. The 25 hour value is
significantly differvent than only the 0 and 49 hour values, while the
49 hour wvalue is significantly different from only the 0 and 25 hour
values. A similar comparisocon can be done for the control samples.

Comparing the vefrigerated mean with centrel mean at each sample
time shows there iz a significant difference only at the zero and

six hour points.
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In general, the fecal coliform data shows that during the first
six hour period the fecal coliform in the control sample (unrefriger-
ated) grew rapidly while the clams subjected to immediate on-board
cooling show little or no fecal coliform growth. At approximately
g¢ix hours after harvest the control samples were also placed under
refrigeration. Looking at the initial refrigeration period for each
set of clams, the 0 to 6 hour period for the refrigerated container and
the 6 to 25 hour period for the controls, Fig., 70, indicates there is a
decrease in fecal coliform count during this period. Table 29 confirms
that it is statistically significant for the control but not the
refrigerated samples. The reason for this decrease 1is unclear,
although one can speculate that it is caused by temperature shock

experienced by the fecal coliform bacteria.

TABLE 29. RESULTS OF COMPARISON TESTS ON GEOMETRIC MEANS OF THE
FECAL COLIFORM DATA

Hours after Harvest

0 6 25 49
Control 0.473¢ 0.953%° 0.779°¢ 1,0613
Refrigerated 0.745°¢  0.621°¢ 0.798"¢ 0.96027

Superscript indicate which values are significantly different from
each other. Values with at least one common letter in the superscript
are not significantly different.

During the initial six hour period the unrefrigerated clams
experienced rapid fecal coliform growth while the on board refriger-
ated sample actually experienced a decrease in fecal coliform count.
However, once the control samples were placed under refrigeration
(after 6 hours) there was a decrease in count in the controls caused by
refrigeration plus there was a fecal coliform growth experienced in the

clams refrigerated on-board between the 6 and 25 hour sample points.
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The combination of these two factors caused the fecal coliform count at
the 25 and 49 hour sample points to show no significant difference
between refrigerated and control samples. Thus, on-board refrigera-
tion does significantly lower fecal coliform counts compared to non-
refrigerated. However, refrigerating the controls after six hours
plus growth in the on-board refrigerated samples during the 6 to
25 hour period results in similar counts in the control and on-board
refrigerated sample about 25 hours after harvest,

Thus, the effectiveness of on-board cooling depends on when
sampling takes place and on relative time between harvest and when the
non-refrigerared clams are placed under refrigeration. Data presented
indicate six hours between harvest and placing containers under refri-
geration leads to similar fecal coliform counts after about 25 hours.
Increasing the time between harvest and placing the clams under
refrigeration tc more than six hours may change this result signifi-
cantly due to the more rapid growth rate of fecal coliform bacteria in
unrefrigerated clams. Even if clams are held under unrefrigerated
conditions for six hours or less, Fig. 70 leaves open the gquestion of

what fecal coliform count will be in these clams if storage is extended

beyond 49 hours,

Conclusions

The following conclusions can be drawn from the on board cooling

data presented in this section:

1. Icing gamples and transporting them back to the laboratory
for bacterial analysis produced results similar to starting
analysis on-board the harvest boat in tests conducted in this

study.

2. In monitoring bacterial growth over the first one hour after

harvest the following were noted:
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a) Plate count increased a detectable amcunt when the clams
were held under conditions currently used in the industry.
Clams refrigerated immediately after harvest showed no
detectable change in plate count during the first one hour

after harvest.

b) Total coliform multiplied at statistically detectable
rates during the first one hour after harvest in these
tests whether they received immediate cocling or were held

under current industry practices,

c) One hour was not long enough to statistically detect a
change in fecal coliferm population in soft clams when the
clams were held as currently dose in the industry or were
refrigerated immediately after harvest. This conclusion
is based on the small number of paired samples (i.e.,

8 samples) available in these tests.

Water and clam temperatures at harvest in Maryland often
exceed the temperature necessary for rapid multiplication of

bacteria.

Plate counr, total coliform and fecal coliform increase
similarly in a commercial ceold box as they do in a controlled

laboratory coocler.

Plate count increased at a similar rate in the soft clams
tested herein whether the clams were cooled rapidly immedi-
ately upon harvest or were placed under refrigeration in a

cold box six hours after harvest.

Immediate on-board cooling reduced total coliform counts in
soft shell clams over the 49 hour storage period of these
taests compared to conventional indusiry practice., Over the
49 hour storage period total colifarm count remained constant

once the clams were cooled to 400—450F.
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Fecal coliform counts in these tests appeared to multiply
rapidly during the unrefrigerated period between harvest and

placement in a cold storage room.

Fecal coliform counts in the control tests decreased
immediately after soft clams were placed under refrigeration,

possibily due to temperature shock.

In these tests the unrefrigerated period between harvest and
cold storage did not exceed about six hours. Under these
conditions fecal coliform growth during unrefrigerated and
subsequent refrigerated storage and the initial decrease in
count due to placement under refrigeration combine to produce
about equal counts after approximately 25 hours of storage.
This equal count was maintained up to at least 49 hours of

storage.
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VI. ENCINEERING ASPECTS OF THE SOFT SHELL CLAM INDUSTRY;
DESCRIPTION OF EQUIPMENT AND PROCEDURES

There are two predominant areas of soft clam production on the
Fast Coast: Maine and the Chesapeake Bay. There are several differ-
ences between the two resources. Most of Maine's clams are found and
harvested from inner tidal zones while all of Maryland's clams are
found in subtidal waters. The clams of Maine are dug by hand at low
tide whereas the Maryland clam is dredged mechanically and hydrauli-
cally from a boat. The colder environment of Maine dictates that three
or more years are necessary for a clam to reach harvestable size.
Maryland is the southern limit of commercial quantities (warmer water
being the limiting factor), but Maryland clams grow to harvest size in
less than two years. They are frequently subjected to thermal stress-—
related mortalities resulting in a dynamic clam population.

The clam begins life as a free floating larva. With further
development they are able to attach to sediments and vegetation or
release themselves at will to drift with the currents (o a more
favorable habitat. At a length of one inch the clam establishes a
permanent burrow in the bottom. The depth below the soil-water
interface depends on the size of the clam and the nature of the bot tom
sediments. The depth to which they burrow will be approximately 2 /2
times their longest diameter (Dow, 1961), but this depth can be
increassed to four times the length of the shell (Hanks, 1966). Limited
vertical movement is possible to adjust for changing bottom levels,
increased size or reburrowing after having been disledged. A siphon
(neck or smout) is extended to just above the surface of the bottom to
feed and discharge wastes.

Maryland soft clams were essentially unharvestable until the
development of the escalator dredge by Fletcher Hanks of Talbot County
during 1950 and 1951. Tt was first used commercially by seven licensed
watermen in 1952 {(Manning, 1957). The 1955 General Assembly of
Maryland enacted legislation to license dredges and operators,
restrict areas of operation, restrict dredge size and provide a

10 cents per bushel tax to fund clam related research.
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Escalator Dredge and Boat

Figure 71 shows a schematic view of the hydraulic escalator
dredge used for harvesting Maryland soft shell clams. It consists of a
water distribution manifold, a dredge head, frame and conveyor. The
dredge head operates below the bottom surface a sufficient distance to
be below the clams. Water pumped through the manifold erodes away the
bottom ahcad of the dredge and washes the sediment and clams intc the
dredge. Water flow through the dredge head carries the sediment and
clams into the conveyor. The chain mesh belt allows bottom soil te
pass through it but retains the clams. The conveyor carries the clams
nut of the water and past the side of the boat, The dredge operator
picks the clams off the conveyor as they move past and allows empty
shells, clams below legal size, stones and other debris to pass over
the end of the conveyor back into the water. Bottom soil and debris
settles back into the trench formed by the dredge as it is forced along
the bottom by the boat., This partially refills the trench and provides

an easy place for the undersized clams to reburrow.

Dredge Construction

Fig. 72 shows details of the dredge water manifold. Water is
pumped down the hose (upper right of Fig. 72) into a manifold. The
manifold distributes the water to a series of nozzles usually formed
from straight lengths of 1/2 or 3/4 inch diameter black or galvanized
pipe. The spacing and number vary slightly from dredge to dredge, but
usually there are eight to ten nozzles on the manifold. Nozzle length
varies some but is usually 4 to 6 inches,

The angle bhetween the vertical and the nozzle can be changed to
suit operating conditions of dredging speed, bottom type, etc. This
can be accomplished by the rod attached to the top center of the
manifold, Fig, 72. On some dredges this lever can be controlled from
the boat during dredging while in others the dredge must be lifted out
of the water to vary nozzle angle.

The dredge head is alse shown in Fig, 72. The dredge head, or

scoop, is timited to 36 inches width by the water manifold, the maximum
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FIG. 72 Water jets and scoop as viewed from the boat deck
when conveyor is in the up or stowed position.

FIG. 73 Convevor chain and hydraulic motor drive for
escalator dredge.
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legal length of which is 36 inches in Maryland. The head has a
narrowing transition section which forces the dug clams onto the
narrower conveyor. The water flow from the nozzles is sufficient to
carry all the clams and sediment onto the comveyor chain.

The conveyor chain is usually 12 to 18 inches in width an is made
of square metal links. The mesh size is at least ome inch square to
allow soil and small clams to pass through the chain. Most watermen
use steel chain, but due to corrosion some feel the increased life of
stainless steel outweighs its increased cost, Fig. 73 shows a typical
chain.

The conveyor chain, water manifold and dredge head are held
together and supported by a steel frame. Frame design varies from
dredge to dredge but generally is constructed of welded steel. Its
length also varies depending on the maximum depth of water it will be
used in. However, a long dredge will be 35 feet between centers of the
conveyor shafts. Typically, the frame has an arch in the center such
thai when both ends of the dredge are on a flat surface the center of
the dredge may be as much as a foot above the flat surface. Each dredge
is designed differently since the dredges are handmade by a waterman or
by a waterman working with a machine shop. Some dredges have no arch
at all. The reason for the arch is not clear; different watermen have
different views as to advantages.

The dredge conveyor chain is driven by an electric or hydraulic
motor, Fig. 73. Hydraulics, Figs. 73 and 74, are gaining increasing
popularity due to their resistance to salt air corrosion, easily varied
speed and torque, small size, low maintenance, quiet operation and
ability to be easily reversed {a significant advantage when the chain
gets caught in the bottom). These advantages seem to offset the
somewhat higher cost of hydraulic drives over electric motor drives. A
few watermen also use a small air cooled engine on the dredge to drive
the conveyor chain.

Fairly high sides must be placed along the conveyor and sides of
the head to keep the clams on the dredge, especially along the
submerged parts of the dredge. Some dredges have the dredge head and

underwater portions of the conveyor completely covered. These sides
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FIG. 74 Hydraulic controls for the dredge power unit.
Below the reversing spool valve is a by-pass
valve for comnveyor speed control.

2

TIG. 75 TForward stanchion and cable assemblies used to
carry the majority of the weight of the dredge.
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{and cover) may be made of sheet metal, plywood or a wire mesh
material.

The dredge is supported from the boat at two points by cable
assemblies. The rear support is adjusted only when stowing the dredge
for travel. The front cable support, or stanchion (Fig. 75, carries
about 70 percent of the total dredge weight and must be adjustable over
a large vertical distance. Vertical adjustment is usually obtained by
an electrical power winch (Fig. 76) although a hydraulically powered
winch could be used. However, a hydraulic winch drive requires the
engine powering the hydraulic system to be running whenever the dredge
is raised or lowered. With an electrical system some dredge movement
is possible by drawing power from the battery. The front winch drive
must be controllable from a forward position near the winch (for
stowing the dredge) as well as back at the operator's station so that
the dredge depth can be adjusted easily while dredging.

The large volume of water required for washing the clams from the
bottom is provided by a centrifugal pump driven by an auxiliary engine.
Engine, pump and suction line are situated on the left side of the boat
to offset the weight of the dredge (located cutboard on the right side}
as well as to draw water from a point away from the area of dredging.
Fig. 77 shows a typical direct coupled system as used on a clam dredge
boat. Although pumps used vary considerably, a centrifugal pump,
usually having a 6 inch diameter inlet and 4 inch diameter outlet, is
most common. The 6 inch inlet pipe is formed into an inverted U-shape
and coupled to the pump with a rotatable connection of some type.
During operation the inlet is placed in the position shown in Fig. 77.
When the pump is not in operation, the inlet is rotated upward so the
entire inlet pipe is inside the boat railing. This allows docking of
the boat without damage to the inlet pipe. (The dredge is on the other
side of the boat so the waterman cannot get up to the dock on that
side.) Although the example shown in Fig. 77 is direct coupled to the
pump, some boats use belt or gear drives to match engine oputput shaft
speed to pump requirements.

The pump motor may be either air or water cooled. If water
cooled, water is usually drawn from the dredge pump discharge, passed

through the engine once and piped overboard. Air cooled engines
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FIG. 76 Electric winch used to raise and lower the
foreward end of the dredge.

B
.
. 3

o
%i
0

\i
G
e
;&2 .

FIG. 77 Typical dredge pump direct coupled to internal
combustion engine. Pump intake is shown in the

operating position.
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utilize a radiator and a recirculating water cooling system similar to
that used in an automobile. Water cooled systems provide quieter
operation and an easily adjustable cooling rate when compared to the
air cooled engines. However, water cooled engines camnot be operated
any length of rime without the pump running and the brack.sh water
corrodes the engine more rapidly.

The pump and its drive motor are mounted on the port (left) side
of the dredge boat to provide a counterweight for the dredge which is
mounted outboard on the starboard side, Additional weight is sometimes
needed on the port side to increase boat stability.

The boat and dredge must be compatible. The dredge has to be of
sufficient length to reach the bottoem in the deeper waters without
excessive conveyor incline, Dredge strength must be sufficient to
withstand its own weight and dredging forces but nobt so heavy as to
hinder boat operation. The boat wust be capable of supporting the
weight of the dredge and its support rigging, an auxiliary pump engine
and perhaps counterweights, Sufficient deck area must be available to
stow empty and full baskets and provide work space adjacent Lo the
upper or rearmost end of the dredge. Boat size should be sufficient
for stability during dredging and seaworthiness in open water, yet
within reason relative to initial and operating costs and maneuver-
ability in shallow water.

Most clam dredge boats used in the Chesapeake are of bay built
dead rise construction. Usually these boats have washboards about
12 inches wide in place on the boat. The dredge is mounted on the

starboard side and stowed on the washboard for transport and docking.

Operation of the Clam Dredge

Upon reaching the harvest location the dredge tie down ropes are
unfastened; the dredge is raised from 1ts stowed position and moved
outward beyond the edge of the boat.

The scoop or digging end is lowered by the 1ift winch until the
water manifold is below water level., The hold-out bar is dropped but
no lines adjusted at this time. The suction pipe to the pump is

rotated overboard into the water and the pump engine started,
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Several means are used to prime the pump. A line from the intake
manifold of the pump engine is run to a transparent reservolr then to
the top of the suction pipe. A valve in the line serves as a control.
Vacuum is applied to the suction pipe until water is observed in frhe
Tesarvelir. The wvalve is then immediately closed to prevent watoer
entering the engine., A system requiring more labor uses a manual
vacum pump on the suction line. Ancther method uses a second, smalloer

to pump water into the larger pump.

self-priming pu

Once water is being pumped to the jet maunifold, the dredge
conveyor is startad and the dredge lowered to just above the hobtom,
The belly rope and hold-out line are adjusted to hoeld the dredge in
line with the boat. Any significant vaising or lowering of the dredpn

nt of the belly and hold-out lines. With

will necessit readiugy
all equipment ospervating, the boat transmission 1s engaged and the
dradge lowered into the bottom. The depth of the scoop in the bottom
can only be guesscd. When depth 1s too shallow, snouts will be cut off
and clams will ke cut in half perpendicular te the snout., Both of
these problems ars wvisible in clams coming up the conveyor, The
presence of whele claws will indicate sufficient depth, Excessive
dredging denth 1s less apparent unless forward motion is restricted and
the boat advances rvelative to the dredge. Other restrictions to
dredging are hard boflam, incorrect aligmment of the water jels or an

beosd oo,

ob oot on

{a

Nuring active dredging the operator leans across the washboard

very tiring posgition to work in) and visually scans the entire load of
material on the conveyor to determine correctness of dredge depth and
to retrieve live, bealthy, legal clams. Retrieving harvestable clams
from the conveyoer must be doneg quickly as time does not permit a secaond
glance or the physical measurement of ¢lams unless the clam population

M

is very low. Th> nature of the bottom determines the difficuley i
locating harvestable clams on the conveyor, Fig. 78. In sand bottom
with no residual shells, the conveyor is empty of extrancous matter.

F=

In arcas c¢f heavy shell residue, the depth of empty shells on the

conveyor bas been observed to approach two inches, thus, iwmpeding

visual identificarion of live clams. Some batbom has sufficient Linder
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FIG. 78 Example of material, other than harvestable
clams, which is brought up by the dredge.

FIG. 79 TFull clam baskets stowed on the port wash board
and shaded by inverted cover-baskets.
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in it that large chunks are brought up with the conveyor. Aquatic
plants were not obsarved on the conveyor in auy quantity,

The greater portion of the dredge operator's time 1is spent
visually scanning the contents of the moving conveyer for harvestable
clams. Thase are picked manually with one or both hands and ; laced in
¢ither a wooden bushel basket or a smaller container, which when filled
is then dumped inte the wooden basket., The thin fragile shell of the

clam teguires that clams be placed into the contaiuer, as even a

12 inch drop will cause breakage of some clams, The full basket is

cavyied

t5oa storvags locatien elther on the fantail, left washbeoard
(Fig, 79) or interior deck.
Maryland regulations require full clam baskets to be protected

of the sun and kept sway from high temperabuve areas

of the hoat (e.s., near the engine exhaust). Current practice s to
invert auw empty basker over each full basket to provide shading,
Fig. 79.

The surf

# level of freshly filled clam haskets always recedes as
the clams discharge water and individually reduce their volume. Thus,
it is the industry practice for the dredge operator to "top off” (i.e.,
add clams te the basket) about one hour after original filling and

again at dockside. This provides a full basket to the buyer.

Tn the absencs of wingd, waves, or currents the operabor usually

dredges in a wide cirvele ro the right as visibility to the left front
is blaeked hy the cahin. If waves exist, the boab must be oparated
parpendicanlar fto the waves, A strong tide from the rear will possibly
wash clams from the dredge. Wind from the rear helps propel the boat
and dredge through sciff bottom. Seas of two feet or more inhibit
dredging. The wakss of ocean going freighters have caught clammers by
surprise resulting in severs damage to the dJdredge and vigging.

Neariy all dredps boats have a dual set of controls: one located
at the operztor's secation near the conveyor and a second in the boat
cabin. The set near the operator's station allows convenient control
of the boat and dredge during active dredging. Thus, dredge depth and

conveyor speed, boat spesd and boal steeving and gear chauging are

copvenient Lo the operater. When large objects on the bobttom jam Lhe

conveyor, the balt can be freed by rveve it without the cpevatorv

moving from his stabion.
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Dredge Operating Parameters

The conveyor is often designed with an easily variable speed.
Speed used appears to be a function of bottom type, boat speed and
operator preference. A conveyor speed of 1.87 feet per s.:ond was
measured on one boat.

Many different pumps are used on soft clam dredges, Time and
availability of measuring equipment did not permit detailed analysis
of pump operating parameters. However, Mathieson and DeRocher (1974)
did a detailed analysis of one pumping system. Their system provided
575 gpm at 21 psi nozzle pressure. Generally, Maryland clam dredges
use a centrifugal pump with a 6 inch inlet and 4 inch outlet. These
pumps usually operate at about 2400 rpm and require approximately
30 horsepower.

Most clam dredging systems utilize two internal combustion
engines: one to prepel the boat and a second to pump water for
dredging and to provide hydraulic power if needed. Manning and
McIntosh (1960) egquipped a clam boat with a variable pitch propeller
and powered the water pump directly from the push motor, eliminating
the second auxiliary engine. Using this arrangement they were able to
attain dredging speeds ranging from G.l5 to 0.55 mph depending on the
combination of piteh and/or engine speed used. This compares with
commercial dredging rates reported by Manning (1957) of 1200 to
1300 square feet per hour which, if one assumes a 30 inch wide dredge
head, convérts to speeds of 0.20 to 0.21 mph. Manning and McIntosh
(1960) determined that for a given engine rpm an increase in pitch
resulted in an increazse in dredging rate, but only up to a point after
which the rate dropped off, Dredging rate was shown to increase at an
increasing rate as engine rpm was increased with a resultant increase
in both thrust and water pressure. Over the ranges of engine speed and
pitech tested, a fuel savings of 26% to 37% was realized by using a
single engine versus a dual engine. For single engine dredging fuel
cost per acre was reduced as engine speed was increased. Flexibility
of operation was not impaired by the usec of a single engine and

variable pitch propeller.
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‘a1l messurements were made of the forward speed of dredging

Sawve

during the 1975 on-hoard cooling studies. A pointed rod was forced

tow just off the stern of the boat. A string having knots

Fied at known intervels was attached to the rod. The time required for
the hoat to progress the distance between any Two knots was t med with
n

The rod was subsequently retrieved by a heavy rope

the pole just agbove the bottom. Type of bottom was not

ranged from §.23 to 0.37 mph.

The theaorais rate of harvest in bu/hr. s g funciion of clam

tssuming 2 30 inch scoop width operating at

atid

a rate of 1200 ftz per hour, 100 bushels per acre will translate into a

rate of 7.79 hushels per hour. A waterman could begin harvest
P g

I -

#% the current 15 Bushel limit before the noon

by 5:30 AM and
e cutoli. Localized densities of 600 bu/ac (Manning, 1957)

and 300 hulfac (Ffitzenmever and Drobeck, 1963} have been measured.
¥ s

Speed of dredging has a practical upper limit in bottom having a heavy

to the amount of material comlag over the conveyor.

a1l residual

san's time inglude preparation, steaming,

Tha demands on fthe wat
dradge engagement, harvesting, dredge ratrieval, return trip, unload-

ing, maintenance and praparation. Most preparation is done the

srevious day duvi daylight. Steawming time ranges between 20 minutes

and 7 ohours, menh hnas beerl smeascrsd at betwesn 6 and

& minutes whother 1 or 2 wen are working. Securing the

requives & minutes or more dependiag on the amount of

dradge after uss

time used to wash down equipment. The time required to dock, unload

15 bushels then olear the dock was measoved at 3 to 6 minutes.

ffect of Shad g Seft Shell Clam Tempervature

Maryiand vegulations rvequire waltermen to cover full clam

an empty baskst or to provide adequate shading of the
clams from direct sunlight. Fig. 80 shows the e¢ffect of exposing clams

emperature of the clams was measured through

ENET T

a tharmocouple in the fool opening. Initial clam rem

o

. o .
an inverted basket) was 84 °F. After 25 minutes of
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The foot opening of the clam was observed to have opened. The clam was
rouched to check thermocouple position, the clam closed and the
temperature increased to 105.5°F but lessened as the clam again opened.

Fig. 81 shows the effect of keeping an inverted basket over the
full basket. Over a period of 50 minutes im 80°F ambien: air the
uncovered clams were warmed to 96.5F, whereas the top layer of clams
in the covered hasket incregsed in bemperature Lo 83.5°F. Temperature
of the center of the twe baskets was fairly stable whether covered or
not over the 50 minute pericd.

Data in hoth Figs. 80 and 81 strongly support the desirvability of
providing adequate protection for the clams from exposure to direct
sunlight. ©Obwviocusly, the temperature of the rop layer is influenced
the most. Data from the envirommental chambers combined with data in
Figs. 80 and 81 strongly suggests that bacterial growth will be
particularly rapid ia rhe top layer. During subsequent handling and

processing this layer may contaminate many other clams.
Fffact of the Esralator Dredge on Clam Bottom

Since the development of the escalator dradge there has been
concern over the effscts of the dredge on the clam resource, the bottom
in the immediasre srea of dredging and adjacent bottom. Although this

study did not address these questicns, several other inves

snce of the reader thegse papevs ave

have. For the conveni
reviewed here.

Kyte et. al. (i9753) working in Maine reported that in the upper
4 em stratum the number of juvenile clams wss determined before and
after dredging. No great change was observed at the first sampling
after harvesting, but for subsequent samplings the trenched aves
yielded a greater density of juveniles than the surrounding flats.

Manning (1957} working in Chesapeake Bay reported that in a 1 knot

current or less, damage to adjacent oyster areas would likely occur out
to a maximum of 75 feef. As to the trenching effect on the bobtom, on
the day of dredging the remalining trench was 2 inches to 8 inches deep
(average 5 imches); after & to 6 days trench depth was 1 inch to

8 inches (average 3 inches) (Maoming, 1957). In an area of repeated
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commerical harvesting aquatic vegetation was essentially 100 percent
removed. Pfitzenmeyer (1972) concluded from a series of dredging
studies that the dredge can be used without seriously affecting the
resource due te the good reproductive ability, rapid growth rate and

reburrowing ability of clams in Chesapeake Bay.

The Clam Bushel

The bushel 1s the unit used to measure Lhe volums of clams {or

harvest limits, taxes, yields and export quantities., It is the basic
container size and the basis by which clams are bought and sold.
Bushel weight and displacement volume were measured by Tatro, et. al.
{1967) . Four bundred and fifty bushels had a wean net weight of
67 pounds and a vrange of 62 to 72 pounds with a few as low as
55 pounds. The meaun displacement volume was found to be 6.5 gallons
with a range of 6.0 to 6.9 gallons.

This author weighed several baskets delivered to & processing
plant. Net weights &t the several plants were B at 56.7 pounds, 3 at
55 pounds, one at 60 pounds and oune at 68 pounds for an average of

57.6 lbs. per basket. Much variation ssems Lo exist, since there 1s no

standard bushel weight.

Ohservations, Oomments and Suggestlons Helative bto Dredzing.
’ g5 ging

Some dredge cunveyors are constructed with a slight arch (i.e.,
the middle of the conveyer frame is higher than at the ends). It
appears that a conveyor with a slight catenary sag would reduce power
requirements as the tension on the belt would tend to 1ift the belt off
of the slides veducing drag friction.

Operation of the dvedge in rough watex is difficult in that boat
pitch causes the dredge scoop to be raised and lowered. There is some
point in the boat that 1is subject to wminimm wvertical movement.
Locating the scoop support at that position, if pozsikle, should reduce
the effect of pitch on the vertical stability of the scoop.

It is alsc possible to develep a device to maintain the dredge

head at the same level even though the bost is pitching. Before such a
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device is developed, the economics of using it and the actual need for
it should be assessed more thoroughly.

Propeller thrust during dredging is required to push the boat as
wcll as force the dredge through the bottom. Since the scoep i3 offset
to the right from the center of the boat, the center of resi tance to
forward travel is ¢nm a line from the propeller to slightly left of the
scoop., A left rudder setting must be used continucusly to counteract
the offset loading, Power 1s wasted in proportion to the sine of the
rudder angle. It 1s suggested that an inboard-outboard propeller
system would put I00Z of propeller thrust in the desired direction with
no power loss at the rudder. The economics of this system need study
before it 1s instituted,

The resultant force of the propeller, relative to the axis of rthe
boat, is to the rear and te the left during dredging. The equal and
opposite force on the boat-dredge system is therefore forward and
towards the right. The keel of the boat serves to keep it moving in a
direction parallel to the axis of the boat. However, at .3 mph the
keel will not be too effective and it is suggested that the boat
experiences significant slip te the right. If this is in fact the
situation, then the scoop of the dredge is being pushed to the right as
well as forward. A determination of the slip angle and the angular
difference between the dredge axis and boat axis would provide the
angle at which the scoop should be set relative to the conveyor. The
elimination of side forces on the dredge would reduce thrust require-
ments necessary to push the dredge through the bottom. Further study
of this situation would also bhe beneficial.

Most clam dredging rigs utilize two large internal combustion
engines: one located amidship to turn the screw, a second on the left
side to power the water pump and hydraulics as well as to offset the
weight of the dredge. During travel to and from the harvest area the
push motor is used at full power while the pump motor is not run.
During dredging, the push motor rums at perhaps 1/4 power while the
pump motor runs at full power. It is suggested that a single engine
located on the left side of the boat could serve as a counterbalance

and replace the two engines currently used. This single motor could
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drive a hydraulic puwp to provide power for the propeller drive,
conveyors and heists. Comnection to the large dredging pump could be
rechanical through a cluteh,

Using this sytem, the demand of water pressure will dictate the
speed of the enginme during dredging. Hydraulic controls coutd adjust
the power delivered to the propeller. The above equipment would not
rreclude the wse of an inboard-outboard propeller arrangement or
variable niteh propeller. Advantages of the single engine power source
woeuld be in veduced engine maintenance and operating costs, and
additicnal deck space in the middle of the boat. Total dead load would
be reduced., First cost of the above system may be somewhat higher than

the pregsent system but has not been established.
Relationship of Waterman to Clam Buyer

Roat and dredge usually are privately owned by the waterman, who
sften havvests on a contract basis for a processor, reshipper, or local
steamer markat. He usually knows beforehand how many bushels of clams
he can sell on a particular day as well as the price. The waterman
regularly sells to the same market at prices set by the buyers. Prices
sre most always in whole dollars per bushel delivered to the dock,
processing plant or processor's collection point., The processor who
pmpties baskets for his operation washes them and returns them to the
waterman for his next day's cateh. Clam shellstock shipped out of
stabte wust be Ln new wooden baskets or acceptable containers capable of

being cleaned. The reshipper supplies the waterman with new baskets,
Tranaport of Soft Shell Clams

Onee  the clams reach the dock there are several alternative
pathways they may follow, Fig. 82 indicates the clams may go directly
to a party boat or bait supplier for sport fishermen, to a reshipper's
cogler, directly to a vestaurant or to a clam shucking plant. Any of
these alternatives, with the possible exception of the party boat and a

few procgssing plants, reguire transportation by truck,
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The type of truck used in transport of clams depends to some
degree on the distance they are hauled. Transport from dock to local
destinations {e.g., up to 100 miles) usually is done on a small freight
truck with a closed in box or on a pickup. Shading must be provided.
However, care should be taken in design of the shading device. Placing
a canvas or similar material directly on the clam baskets provides
shade but drastically limits air circulation around the containers.
This can lead to temperatures as high or higher than occurs in clams
exposed to direct sunlight. 1In closed in trucks with no air circula-
tion similar problems can eccur.

Clams destined for transport directly to more distant points
(e.g., New Englaend) are generally placed in refrigerated trucks. Many
refrigerated trucks sre designed to hold a cold or cool product at 35
to 40°F but have insufficient refrigeration capacity or air circula-
tion capacity to pull a warm product down to 35 to 40°F when placed in
the truck. Warm clams directly from the dock should never be placed in
this type of truck without precocling.

Generally, clams are shipped in the basket into which they were
placed at harvest. However, a few processors and/or shippers use
cleanable plastic containers. In loading trucks wooden baskets are
placed in a row across the truck, a wooden rack placed across the
haskets with the next layer placed on the racks. The racks transmit
the weight of the above baskets to the edges of the supporting baskets.
Some clams above the edge of the support basket are crushed in the
process. While the baskets are new and clean, the racks or boards are
not, and the possibility exists that drip water from the top layers can
wash contaminancs from the racks into the lower baskets. This is a
potential site for bacterial contamination and care must be exercised
to prevent it.

Much manual laber is used in the handling of shellstock, Baskets
to be moved horizontally over a flat surface are often dragged with a
2 foot long hook. Vertical lifting of 4 feet or more is usually done
by two persons. Movement of a large number of baskets from a cooler to
a truck may be aided by the use of an inclined roller conveyor. Rough
handling of clam baskets can cause significant breakage of clams. This

increases the risk of high bacterial growth rates in these clams,
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One reshipper collected and stored clams from a number of harvest-
ers. On shipping days the harvesters unlioaded their catch, docked
their boats, then helped in the truck loading operation. On one
observation a total of 268 bushels were loaded from three storage
locations in 46 minutes by at times 13 men.

The plastic containers used for shipwent of shellstock out of
state arc designed to nest when empty, but when rotated 180 degrees
(end for end) and filled, the upper container rests in support notches
in the container below it to prevent c¢rushing of clams. No slats
between layers of baskets are needed. Wooden bushel baskets are dumped
into the plastic containers in the truck. The extent of breakage of

shells as a result of dumping is not known.
Processing of Soft—-Shell Clams

Fig. 82 shows a flow process diagram for the entire soft shell
clam industry except for the frozen breaded operation, The flow
process diagram for the process producing frozen breaded soft shell
clams is shown in Fig. 83. These flow process diagrams detail each
step through which the clams must pass from harvest to final market.
The various symbols utilized follow standard industrial engineering
notation in which an inverted triangle desipnates a storage, an arrow
designates a transportation operation, a circle designates a process,
a square an inspection and a combination of a square and a semicircle
(an elongated "D" shape) designates a delay in the flow of materials.
Although the processing of soft shell clams is a relatively simple
process many operations are involved. Manual labor predominates
primarily due to limited volume processed in each plant and a lack of
any automated means of shucking clams.

Clams are predominantly utilized in one of four ways: frozen
breaded, fresh shuckesd, fresh in the shell for steaming (steamers) or
fresh in the shell for chum(fish bait), Frozen breaded clams are
usually produced in a separate processing facility where chilled fresh
shucked clams are the raw material. Fresh shucked clams are produced

by a hand shucking operation. Their final destination is generally
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either a breading plant or an institutional market such as a restau-
rant, Steamers generally are retailed or go to restaurants, Soft
shell clams make excellent chumming bait for rock bass or blue fish.
Thus, considerable quantities of clams are scld to party boat captains
and fishermen which are then ground up and used as chum bait.

The volume of clams going to the various markets is not generally
broken out in staristical data for Maryland although it probably can be
determined for the processed products. Little if any hard data 1is
available on the volume of scoft shell calms used for bait. The
proportion of harvested clams going to the several uses ohviously

varies with season, availability of clams and price.

Soft Clam Shucking Operations

Shucking plant facilities may be located either inland or on an
estuary. The plant usually consists of masonry block construction on a
concrete slab, with a truss roof. FEach plant has its own well {(unless
city water is available) and ice making facilities. Some have indoor
flush toilets while others have outside privies. In addition to
shucking soft shell clams, the plant facility may also be used for
picking crabs and/or shucking oysters. Oysters and clams may be packed
in the same area in the plant if separate equipment is used. Employ-
ment for processing clams in the plants visited ranged from 15 to 45.
However, some plants could employ up to 70 persons during periods of
good clam availability, good consumer demand and ready availability of
labeor.

Soft shell clam shucking plants in Maryland each have a unique
layout. However, they generally are divided into several areas.
Generally, these areas are: receiving, shipping, shell stock storage
{(refrigerated), shucking, packing and shucked product storage. In
addition, ice making facilities, restrooms and washup areas for
employees, office facilities and in some cases waste disposal systems

for the plant effluent are also present.
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Receiving and Shipping

Clams in bushel baskets are delivered to the plant by the water-
man. Most delivery is by pickup truck, Fig. 84. A smaller number are
moved directly from the boat to those plants having docking tacilities
and are near a clam harvest site. Some processors send a covered truck
to a dock to collect clams from several watermen, The leading
placforms of plants vary in height from ground level to the level of a
pickup truck bed. Delivered clams go to one of two places: the walk-
in refrigerator (Fig. 853) or to a larger refrigerated truck for out of
state exportl.

The floor of the cooler 1s usually at the same level as the
loading platform. Methods of moving baskets include: direct carry by
one or two men, dragging on the ground with a hooked rod, a two wheel
push truck moving one bushel per trip, a wheelbarrow with modified
platform capable of hauling 2 baskets, a 4-wheel push cart of various
sizes capahle of hauling 3 to 15 bushels depending on area and number
of layers, and an inclined roller conveyor. Watermen provide much of
the labor for moving clams into refrigeration or secondary transpoerta-
tion.

The time required to unload and move baskets into storage by two
means was measured. In the first case, baskets were manually lowered
to a low-level dock from the truck, dragged 20 feet to the cocler of
Fig. 85, then lifted by two men into place. The number of men working
at any one time varied between 2 and 5. Unloading of 3 loads of
15 bushels each required an average of 3.6 minutes per load, and
utilized an average of 3.7 men or 13 man-minutes, At a second plant, a
4-wheel push cart was used to move 7 or 8 bushels 40 ft. to the cooler.
One man, working alone was able to unload and store 15 bushelsz in
6 minutes.

No observations were wmade of any shellstock being weighed at time
of delivery. The plant supplied the waterman with empty baskets for
his next day's catch.

An analysis of the material handling requirements of one plant was
conducted relative to the feasibility of switching to a palletized

system. It was determined that palletizing was not economically
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FIG. 84 Method by which most clams are delivered to
shuclking plants.

FIn. 85 Method of storage of clam shellstock in walk-
in coclers.
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justified due tec the limited amount of labor saved for each operation,
the nature of the products handled, and the relatively small quantity

of materials being moved.

Refrigerated Storage

Shellstock is placed under vefrigeration immediately wupon
delivery to the plant. Clams are kept in the container they were
delivered in zand are not washed. Sheilfish wregulations (Saliwnger,
1970) require thet shellstock be cooled to 50°F within 7 hours and 40°F
within 12 hours. The pulldown rates for two baskets in a small cooler
are presgeutad in Fig. 86. Eleven hours were required to cool one

basket from 690F 1o SGOF.

A single basket of clams was warmed o 51°F then placed in a
conventional hoeusehold type refrigerator veo cool. The refrigerator
had a 5 in. circulating fan as part of its original equipment. Fig. 87
shows rhe rate of coceling at the center of the basket and the internal
refrigerator air temperature. Thirteen hours were required to cool the
clams to 50°F with a minimum refrigerator temperature of 42°F.

Further cooling rates were obhserved during the on—board bacterial
studies, For these tests two containers of clams, a warm wooden basket
and a previouvsly wooled full flow contalner, were placed in the
refrigevator. For 12 appropriate tests the average initial temperva-
ture of the warm hasket was 72°F. The average time reguirsd ko cool
the center of the basket to 50°F was 14 hours. Refrigerator tempera—
ture after initial cooling was appromimately 40°F,

The ceoling rates in the above tests are felt to be similar to
these achievable in walk-in coolers. Both have conditions of minimal
air cireulation through the basket and air tsmperatuves of 35 to 40°F.
Icing of the refrigerator evaporator coil will occur if too low an air
temperature is atvbtempied. Cooling time %o 40°F is not presented as
they were extremely variable and dependent on refrigerator air remper-
ature. Previous bacteria growth rate studies (Section I1IT) demon-
strated a fairly consistent stabilization of bacterial levela st 50°F.

The primary aim of a shellstock cooler, then, should be to rapidly
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reduce shellstock temperature to less than 50°F. Further reduction to
lower temperatures veed not be as rapid.

In the plants studied, those coclers used gtrictly for shellstock
storage ranged in size from 180 to 280 square feet. One mucih larger
cooler was used for storage of clam meats and flaked ice in adcition to
shellstock. Baskets are stored in straight rows of 5 to 6 baskets. A
row of 5 requires a floor area of 90 x 18 inches. Usual depth is
4 layers, having a top height of 55 inches, but can be as high as
6 layers. Precenstructed racks or individual strips of wood are used
to separate layers of baskets and to transfer rhe weight of an upper
layer to the edges of the supporiing bhasket and not to the clams. Some
clams extending above the edge of the lower baskets were bhroken during
placement of the racks. No sterilizing of the vacks was observed, nor
were provisions for this process apparent.

The refrigeration unit for the smaller coolers was usually of the
3 hp size. Larger coolers used multiple units.

Most of the shucking plants had a separate cooler for storage of
the shucked meats. An ice machine was situated above the cooler with
ice output allowed to £z1l by gravity to a floor level bin within the
cooler., Ice was used to cocl containers of meats within the cooler.
Ice was also used during the blowing process to reduce meat tempera-
ture. The exposed ground level storage of ice and its handling with
conventional shovels and wheelbarrows often created opportunities for

direct bacterial contamination of the meats.

Shucking

Separation of the clam meats from the shell and siphon is entirely
manual. Dipping the elams in 180°F water for a short period of time to
make removal of the shells easier and to possibly reduce bacterial
levels is an infrequently used shucking aid. This hot dip method was
not used in any of the studied plants and is nor reviewed here.

The vast majority of shuckers are female, of all ages. Transpor-
tation to and from the plant will frequently be supplied to the

shuckers in the form of & bus or plant-owned car on loan.
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A separate room of the plant is devoted to shucking. Work is
performed at tables of various sizes and descriptions, all having a top
surface of stainless steel. Depending on table height and preference,
the shucker will sit on either a chair or stool or will stand on the
floor or an elevated wooden tunner board. Equipment reguired is
minimal and includes a shucking knife which is owned and retained by
the shucker, a two quart stainless steel shucking pan into which
shucked meats are placed, and a rubber or plastic apron. Figs. 88 and
89 are examples of shucking knives used in Maryland.

Shellstock in wooden baskets is transported to the shucking area
by means as diverse as manually carrying a single basket or through use
of a push cart holding six bushels. Clams sve dumped in a pile on the
table surface within reach of one or more shuckers either directly from
the basket or from a conveyor system filled at a central point. An
extra partial dumping into a second basket is vsed to fill the conveyor
buckets. The second basket is then dumped into the nearest empty
conveyor bucker.

The time required to take an empiy push cart into the cooler, load
6 bushels and return to the shucking room was ! minute 15 secconds.
Total time to dump all 6 bushels into empry conveyor buckets was
estimated at 10 minutes.

The shucking procedure (Figs. 90 through 97) for a right handed
shucker starts when a clam is removed from the pile with the left hand,
It is held firmly beiween the thumb aud firsr 3 fingers with the hings
to the lefr and the siphon peinting away from the shucker and slightly
up (Fig. 90). The knife is inserted just under the top shell half
between the shell and the siphon. A clockwise cut is meade Just under
the shell edge and over the full perimeter of the top shell except
through the hinge (Fig. 91). The top shell is pried off (Fig. 92) at
the finish of the cut and allowed to drop to the table. A second cut
along the top edge of the bottom shell will separate the shell from the
meat and siphon (Figs. 93 and 94). As part of the separation, the
posterior adductor muscle, to the left of the base of the siphon, might
be torn using the left thumb. The lower shell is ailowed to fall to the
table, the left hand still holding the wmeat and siphon,  The body

portion of clam is supported in the palm of the hand (Fig. 95), while
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FIG. 88 Original paring knife (top) from which
the lower two clam shucking knives were
fashioned.
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FIG. 89 Top: Shucking knife fashioned from Army messkit
knife. Middle: All stainless steel knife manu-
factured expressly for clam shucking. Bottom:
Knife of unknown origin.
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FIG., 90 Manual clam shucking: cutting top shell free.

FIG. 91 Manual clam shucking: finishing first cut to free top shell.
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FIG. 92 Manual clam shucking: prying top shell off.

FIG. 93 Manual clam shucking: starting second cut.
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FIG. 94 Manual clam shucking: end of cut used to free bottom shell.
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FIG. 95 Manuzl clam shucking: positioning tor removing siphcn.
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FIG. 96 Manual clam shucking: removing siphon.
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FIG. 97 Manual clam shucking: removing skin from meat.
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the thumb and first two fingers hold the base of the siphon. The
siphon is severed (Fig. 96) at a point about 3/8 inch from its inner
end. This is done with the shucking knife cutting against the right
thumb. The darker skin or onter membrane (Fig. 97) is removad aftev
cutting off the siphon and dropped to the table with the she:.ls. The
clam meat is placed in the 2 quart shucking pan and another live clam
retrieved from the pile. When a number of shells accumulated on the

table, ashucking was stopped and the shell

Son

v pushad off the rable edge
into shell collection cans or was pushed into inclined chutes leading
to a shell removsl conveyor.

Correct and complete removal of the skin covering the siphon is
important becausc during frying any remsining skin drops off and
appears as a string iz the product. Complete removal of the skin is
Facilitated by not cutting through the skin when vemoving the siphon
during shucking. If the skin is not cut it can be peeled off cleanly.

A properly shucked clam forms a continuous ring. A ring is a more
appealing product when fried than the long stringy shape resulting from
improperly shucked clams. Fig. 98 shows various sizes of properly
shucked, rinsed clam meats.

Normally, all internal clam organs are included in the wmeat.
However, there is one excepbticon to this. Ar certain times of the year

5

and under certain envirommental conditions in the Bay soft shell clam

accumclate a red pigment which is mot hermful to persons eating the

clams. However, the red color appearing in the processed producy gives

the appeavance of a blooedy product end causes tobtal rejection by the

consumer {Beaver, 1964). Lear (1958) showed this pigment concentrabed
in the digestive glands of the soft shell clam, Thus, some c¢lam
processors vemove the digestive plands during processing.  This is
rermed "popping the clam."  Some plants were abserved to "pop clams”
for a portion of their preduct as a customer seryvice and ab no
additional cost to the customer, Shuckers were paid the sawme vals
whether "popping' or not even though thelr shucking rate and the yield
]

were decreased when "popping" was downe. Further information on red

colovation of clems can be found in Boon {19723 and Beoaver {19640

Shucking rates were observed and recovded in several plants.

Measured quantities included the nunber of clama per minute and pounds
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FIG. 98 Freshly shucked and rinsed
clam meats of varies sizes.
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per hour. The number of clams shucked per minute was determined by
measuring the time to shuck a known number of clams, usually 20. All

measurements were of continuous shucking. Table 30 summarizes the

rates.

TARLE 30, OBSERVED NUMERICAL RATE OF SHUGCKING BY TEN SHUCKERS
WORKING CONTINIOUSLY THROUGHOUY THE PERICGR OF GBSERVATION

Total Clams
No. clams shucrked/time, Tertal time per
Shucker min:sed clams min. minute
1K 20/2:15 13/1:37  25/2:42 58 6.57 8.83
2K 20/2:17 2672140 20/2:57 60 7.90  7.59
3K 20/2:22 20/2:09 20/7:37 60 7.13 8.42
4K 20/2:10 20/2:30  20/2:16 60 6.93 8.66
5K 18/1:54 30/3:42 48 5.60 8.57
1L 20/3:26 20/3:49 20/3:13 60 10.47 5.73
2L 20/2:19 20/2:49 20G/7:43 60 7.85 7.64
3L 20/3:01 20/2:32 20/2:32 60 8.08 7.43
4L 20/2:09 20/2:03 20/1:52 60 6.07 9.88
5L 20/2:05 20/2:09  20/2:07 60 6.35 9.45
FBK 20/2:09 20/2:14 20/2:15
20/2:2] 20/2:24  20/2:04
20/2:21 20/2:26 160 18.23 8.77
FeK 20/2:03 20/2:08 20/2:07
20/2:0% 20/2:35 100 10.93  9.15
Average 8.34

An average shucking vate of B 34 clams per minute with a standavd
deviation of 1.)1 clams/min resuloed from the zbove 42 observations of
12 shuckers., No measure of Che quelity and purity of the finished
meats was available.

The quantity of weats produced per hour 1w another measure of
shucking rate. The time interval requirad for a shucker to fill the
2 quart pan was determined, Net drained weight of the mests iwas
obtained either by direct observation of the scale veading or by
conversion from the shucker's payment knowing the payment ratse per

pound of meats. Table 31 provides the wmeasured production vates of

several shuckers from several plants.
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TARBLE 31. MEASURED PRODUCTION RATES OF INDIVIDUAL CLAM SHUCKERS.
QUANTITY OF MEATS IS THE AMOUNT PLACED IN A STANDARD SHUCKING PAN

Meat Average
Time per  weight per pan, Shucking Rate, Shucking Rate,
Shucker pan, hr 1b. 1b/hr lb/h~
0.77 6.09 7.91
1L 0.70 5.63 8.04 7.74
0.78 5.66 7.26
0.55 5.89 10.71
2L 0.53 5.89 11.11 10.50
0.65 6.29 9.68
0.50 5.37 10.74
3L 0.47 5.54 11.79 10.76
(.58 5.66 9.76
0.47 6.29 13.38
4L 0.42 6.37 15.17 14,75
0.38 5.97 15.71
0.48 6.54 13.63
5L 0.42 6.37 15,17 13.81
0.48 6.06 12.63
0.55 6.29 11.44
15 0.43 2.71 13.28 12.18
0.38 4. 49 11.82
25 0.55 5.43 9.87
0.62 5.65 9.11 949
38 0.52 5.31 10.21
0.53 5.71 10.77 10.49
48 0.57 6.00 10.52
0.45 5.89 13.09 1.8l
558 0.48 6.00 12,50
0.45 5.86 13.02 12.76
0.50 5.57 11.14
65 0.40 5.14 12.85 12.76
0.28 4.00 14.29
0.52 5.71 10.98
78 0.43 5.66 13.16 12.05
0.25 3.00 12.00
0.57 5.71 10.02
85 0.47 4.77 1G.15 10.94
0.35 4 .43 12.66
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TARLE 31. CONTINUED

Meat Average
Time per  weight per pan, Shucking Rate, Shucking Rate,
Shucker pan, hr 1b. 1h/hr 1b/hr
0.25 6.00 24.00
9s 0.30 5.71 19.03 19. 20
0.33 5.71 17.30
0.37 5.71 15.40
0.28 3.71 20.39
0.13 2.48 19.08
0.62 6.00 9.68
108 0.58 6.11 10.53 11.50
(.38 5.43 14.29
118 0.55 5.06 9,20 8 45
0.78 6.00 7.69
F8K 0.62 5.60 6.03 5.03
F6K 0.60 5.30 8.83 8.83
52 D.65 8.14 12.52 12.52
S6 0.65 8.03 12.35 12.35
89 0.65 9.20 14.15 14,15
531 0.65 9.71 T4 94 14.94

Average for all shuckers 11.86
Standard Deviatiow of all shuckers 2.59
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The last four shuckers of Table 31 simultanecusly shucked a
discrete two bushels. Yield per bushel was 17.54 1bs. of meat.

A test was conducted to determine the effect of clam size on the
shucking rate (clams per minute) and on production rate (lbs meats per
hour) . One bushel was sorted, starting f;om a full be.ket, by
separating 100 large (2 1/2 inches and over) and 100 smalls (2 1/4 to
2 1/2 inches) in separate baskets. (At this time the legal minimum
length was 2 1/4 inches.) All broken and cracked clams were discarded.
Net weight of each group was determined to the nearest 1/4 pound. One
shucker worked steadily to shuck first the small group, then the large

group. The time and drained clam weilght was recorded. Table 32

presents the results.

TABLE 32. COMPARATIVE SHUCKING AND PRODUCTILION RATES FOR TWO SIZES

OF CLAMS.
Shucking
Live  Shucking Meat rate, Production

Clam Nc. Weight, time, welght, clams rate,
Shucker Size Clams 1b min 1b per min 1b per hr
D4 gmall 100 5.5 15.0 1.4 6.67 5.6

large 1GO 7.75 16.2 2.2 6.17 §.14
D2 small 100 5.5 11.9 1.4 8.43 7.08

large 100 8.0 10.8 2.1 9.27 11.69

The results indicate that the shucking rate {(clams per min.) was
essentially the same for the two slzes but that production rate (1b per
hr) increased with the larger clams.

An estimate o7 the theoretical yield per bushel can be derived
from the above data. For the D4 test the size ratio for the total
container was 136 smalls to 100 large. Since the 100 smalls weighed
5.5 1b, 136 smalls would weigh 7.48 1b and vield 1.9C 1lb meats.

Combining both sizes, the total weight for 236 clams would be



163

7.48 + 7.75 = 15.23 pounds of shellstock yielding 1.9 + 2.2 = 4.1 1b
meats. 4 bushel containing 56 pounds would yield
(56/15.23)(4.1) = 15.1 pounds of meats. A theoretical 867 clams per
bushel is calculated.

For the D2 test and a different bushel supply, the ratio .f smalls
to large was one to ome. Extrapolated yield for a 536 lb bushel is
(56/(5.5 + 8.0)) (1.4 + 2.1) = 16.9 1b meats per bushel. A theoreti-
cal 829 clams per bushel is calculated.

In practice the yield per bushel will be raduced by the number of
broken ¢lams not chucked, small clams that are delihecately thrown away
and any clams that accidentally end up in the shell pile and are
discarded. By actual count one bushel contained 126 broken clams out
of 871 total or a broken rate of 14%. Sms!l breaks in the shell near to
and parallel to the edge of the shell were aot counted as broken but
would stili hinder the shucking operation,

An estimate of overall production rate is obtained from a plant
where 26 shuckers were shucking at the rate of 12 bushels per hour or
0.46 bushels per shucker per hour.

Using the data from Table 32 and the calculation given immadiate-
ly below these tables it is possible to calculate an average shucking
rate for shuckers in terms of bushels per shucker per hour. For the
two 56 1b bushels of clams there was a yield of 15.1 pounds and
16.9 pounds of clam meats per bushel, vespectively. This averages [o
16.0 1b meats per bushel of clams. Table 31 gives ao average shucking
rate for the shuckers timed of 11.86 ib of meat per hour. 'Therefore,
an average shucker is shucking about (11.86 1b/hr) # 16.0 1b/bu or
0.74 bushels of clams per hour per shucker. This rate is almost double
the actual output (0.4A bushels/shucker/hour) noted above for a rotal
plant having 26 ahuckers. The difference in these two values is due to
several factors. First, the 0.74 value does noi include personal time
(time to go Lo the restroom, have a smoke, eto.) or fatigue time (time
required due to humans getting tired as they work for longer pericds).
Generally, industrial allowances for fatigue and personal time are
about 20 percent of the total time. Using a 20% allowanze the

0.74 bu/shucker/hr becomes 0.59 bu/shucker/hr, Although the
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0.46 bu/shucker/hr and 0.59 bu/shucker/hr are still significantly
different, the differeunce could easily be due to management and/or
employee practices in one or more of the plants. Thus, an average
shucker will normally shuck between 0.50 and 0.60 bu/hr of soft shell
clams when the rate is calculated over a dally or longer time period.
Where in this range a total plant will fall will depend on experience,

mapagement expertise, and shucker attitude.

Possible Problems During Shucking

Several practices were cbserved that would potentially allow the
shucking operation to contribute to bacterial contamination of the
meats. Shellstock is placed in a pile in the center of the table at the
start of shucking. To maintain a continuous operation additional clams
are frequently added to the pile thus providing for the possibility of
some clams being on the table for the full day. In one instance a
shucker was observed to open a dead clam. The smell alerted the
shucker and it was discarded. Fluids dripping from the clam contami-
nated the table and the xnife, neither of which were washed before the
next clam was shucked. One shucker had a habit of hooking clams over a
finger of the hand used to hold the clam during shucking. These meats
were dragged over the shell pile and table surface during the process.
Some shuckers try to put too many meats into the 2 quart pan. Many
then fall to the table and must be put back into the pan. In addition
to contamination possibilities, the shucker wasted time with the
additional step. Shuckers were observed using coffee cups for clam
meat retention. Seme of the shuckers who overfilled the pan carried
the pan up against their aprom to reduce the chance for meats to fall
off. In those plants using garbage cans for temporary tableside
storage of snmoute and shells, the shucker often must grab the can to
relocate it nearer the table. The closencss of the shucking tables in
one plant prohibited moving the full shell can between the two ends of
the table. The can was placed on the table, slid across it, then
dumped .

The shucking operation need not contribute to bacterial contami-

nation if properly executed. Placement of clams on the shucking table




165

should be done only after a receiving space is cleared. The basket
should be kept from contacting the table. Perhaps twice a day wheun the
shellstock pile is low the shucker should refturn, after dumping meats,
with a pan of water containing disinfectant to wash the knife cnd rinse
the table surface. The freshly shucked weat should move diiectly to
the pan. One method observed to stop gverfilling of the pans was to
place an upper limit on the dollar amount to be paid per pan. The
amount of time required to tramsport the full shucking pan to the
packing room and return was usually one minute, longer 1f personal

items were attended fo.
Packing

The packing process includes receiving freshly shucked meats from
the shucker, washing of the meats, and placement of rhe meats in one of
several containers. One man usually operates the packing process for
up to appremimately 25 shuckers. Additieons! help was needed for

greater thaan 30 shuckers,

Once & shucker has filled hie shucxing pan with meals, he cars
it to the packing room. Here 1t is dumped onto a skimming table ko
drain off any zzcess liquid, Fig. 99. A skimming table consists of &
flat surface countaining holes recessed into the top of table., When
clam meats are placed on the table they ars retained while the ligquid
drains off. Some skimming ‘tables have a spray nozzle suspended over

them, Fig. 99, to make it easier to wash the-clams.

Once on the skimming table, the clam mests will undergo one of two
processes, If the blowing operation is to be used later, the meals arc
allowed to drain very briefly, then are pushed with a rectangular
stainless steel scraper into a weighing container for determinabion of
net weight. If the blowing process is not used, the meats on the
receiving-skimming table are rinsed with a water spray while haiag

manually agitated. After draining, these meats are pushed into the
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FIG. 99 Receiving-skimming table and spray washer.

FIC. 100 Flevated blowing tank with gravity discharge
port and packer-skimmer table. Right end is
similar to that of the receiving table.
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weighing container. The weighing container is then manually trans-
ferred to the scale by the packing roow worker.

Net weight fov each separate 2 quart pan of meats is determined to
establish shucker compeunsatiorn. When scale reading 1s in pounds, a

chart is consulted to find the corresponding psyment (at 35 cents per

pound in 1975). If a supermarket type scale is used, the total dollar

payment is veasd dirvectly from the approprisle cents per pound column on

the scale. The shucking paymaent ig vecorded on a tally sheet under the

the shuckers,

munber and verbally communi

shuckar's
many of whom also vecord if. 0f the plants wvisited, none had a

could determine scale

weighing arrangement such that the

le with an emply sontainer,

readings ov the zero setting of the sc

After weighing, meats are dumped inte a 3 gallon pot for accumula-

tion. TFilaked ice might be added to the pob to reduce femperasture. The
pot is adjacent to the scale and usually not covered. Further cleaning

of the meats is done in either of two ways. The least used method was

to accumulate about 4 gallons of meats, dump them on the receiving-
skimming table and wash them a second time with a wafer spray and
manual agitation. One reason given fer washing the meals in the manner
described was to reduce the effect of ved colovation (discussed above)

that was presant at the time.

The more uwsual method of cleaning mests is through blowing.
Blowing is usually done in a cylindrical tank with a conical bolttom and
no top. A source of compressed alr is piped in at the bottom of the
tank and is distributed within the tank through several pipes contain~

sbem ns a

[V

ing small downward opening holaes. Above this aly manifold

A celd water line spprosches the Lank

gcreen to support the na
from above, but stops just above the top adge of the rank to eliminate
the chance for back siphoping. A valve on the very bottom of the tank

permits draining of all liquid contents. Some blowing tanks have a

5 inch port in the side of the tank jusc sorean st thoough
which both wmeats and liguids can flow out of the tank under the force

of gravity.
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The blowing operation begins by filling the tank with water. Two
of the 5 gallon pots of meats are dumped into the tank, the excess
water flowing out of the tank and into a drain. Several shovels of
flake ice may be added. Air flow is started and maintainzd for a
variable period of time, depending on the plant. Sometimes tae clams
are manually agitated with a paddle during blowing. Water is added to
the point of overflow, then compressed air is turned on for a short
period. Floating organics and foam are thus removed, Some meats wash
over the side and are cither wasted or present a contamination poten-
tial as they are placed back in the batch, even though rinsed first.

Blowing affects the meats through water absorptiomn, sand and
shell removal as well as bacteriologically. Ward (1969a) found that
water absorption increased with increasing blowing time and with lower
clam/water volume ratios. Shell removal progressed to the 90-95% level
after 10 minutes of blowing, but longer blowing times removed very
little additional shell. The higher clam/water ratios inhibited shell
removal. Reduction of sand content by blowing was a maximum of 20%Z in
20 minutes with little likelihood of additional sand removal due to its
internal locatlion.

Bacterial levels of commercially blown and spray washed meats
were established (Ward, 1969b). Washing was more effective rthan
blowing in reducticn of total bacterial level. Neither spray washing
nor blowing was consistently effective in reducing total coliform or
fecal ccliform numbers. Sanitation factors were thought to be a reason
for the lack of effectiveness of the blowing process on bacterial
reduction.

Pilot plant studies were conducted (Ward, 1969c) to measure the
effect on the bacterial levels of blowing water that was: sterile,
inoculated, chlorinated, reused or refrigerated, Clams blown in
sterile water were always lower in bacterial levels than unblown clams.
Inoculation of blowing water increased the level of bacteria over that
for clams blown in sterile water. Chlorinated water showed nc effect
for blowing times of 3 minutes or less, but did reduce bacteria numbers
with longer blowing times. Reuse of the blowing water increased the
plate count levels, but decreased total coliferm and fecal coliform
levels. Use of refrigerated blowing water resulted in bacterial levels

slightly less than for room temperature tests.
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From the blowing tank the meats are transferred to the packer-
skimmer table. When the blowing tank is situated at floor level the
meats must be bailed out by bucket down to the last imch, then the
bottom screen is lifted out asd the remaindsr of the mests arve scraped

sant to snd elevated ahove the

off. Most blowing tarks were adiac
packer-skimmer table (Fig. 100}. A 5 inch port in the side of ihe rank
permits gravity flow of meats and water from tank to the packar-~skimmer

table.

Mests on the packer-skimmer table are allowed to drain briefly,
usually while cans arve being prepered. Meats are informally inspected
and obvious large shell fragments might be manually picked out., Empty
gallon cans or 5 gallon pots are placed under the discharge chute and
meats are scraped into the container. If over-filled, mzats are
manually taken from the can and rveturned te the table supply. The
usual batch is 10 to 12 gallons. Any particles of Ige still in the
meats also go into the can. The last meatz of a bateh will only partly
fill a can, which is then left ou the tabls to be topped off as the

first gallon of the next batch. After all have been filled, the snap

lids are placed on the gallon cansg or fitving lide placed on the

5 are coded to id plang and date snd ave

five gallon pobs. Ca

ats is

further identified with the product species. A gullon of m
defined as 8.5 1b.

varied considerably. In one

Handling mathods for full gallon ¢
plant the preocadurs was to place & layer of jce in a bushel basket, set

he cooler, than add morve

ice on tap. Or, the cans {row one batch mig ha placed on ¢ umall

# placed on slats in the

push—cart for tyanspori Lo the o

cooler. In another plant up to 90 gallons were accumulated onoa larger

clams remained in the

push truck within the packing voowm.
packing room throughour most of the shucking period. Some lcg was

placed on top of the cauns on the top lavers.
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Patential Packing Room Problems

Much potential for contamination occurs during the packing opera-
tion. The blowing tank is rinsed while meats are on the packer-skimmer
table, allowing splash water to contact the meats. Unfilled and open
gallon cans sit upright on the filling table subject to splash from
rinsing operations. Lids for the gallon cans were knocked to the floor
then used directly to close cans. The water hose used periodically to
rinse the floor was dragged across the packing table, the same surface
used to store lids prior to sealing. ©Portions of clam meats were
observed to be pinched between the lid and the can during sealing,
leaving a portion of the meat outside of the can.

Ice is manufszctured overhead and falls into a floor level bin
within the ice room. Tt is used on a last-in-first—out basis with the
result that much of the ice might be in open storage or against the
floor for long periods of time, subject to contamination. The ice used
in direct contact with the meats (5 gallon pot and blowing tank) will
possibly be tramsported in a wheelbarrow incapable of being sterilized
or with a scoop shovel used at other times to shovel clams from the
floor.

An ice supply less subject to risk of contamination may be
achieved as follows. Locate a hopper, of sufficient size to contain
the ice requirements for about 2/3 of a day's operation, within a
refrigerated room adjacent to the packing room. Allow ice to fall
directly inte the hopper from the ice making machine. Ice overflow
from the hopper could fall directly onto the floor of the refrigerated
room. Ice in the hopper would be subject to much less risk of
contamination, especially since it should receive nearly a complete
daily elean out. Providing access to the ice in the hopper through a
waist level door lccated in the packing room near the points of ice
usage would provide convenience and reduce the tendency to use the
wrong shovel (e.g., one from the shellstock area) to secure ice.
Overflow ice falling to the cold room floor could be used to ice sealed
containers of meats as 1is presently done.

Splash contamination of empty cans could be significantly reduced

by constructing a rack above the packing table to store empty gallon
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cans in an upside down position. Thus, the cans are within easy reach

lass

-~

of an individual working wext o the packer-siimner table and

subject to spray water contamination. Lids should be stored next to

the cans in a rack having a shisld between the lids and any source of

spray water from the direction of the blowing tank.
Waste Removal from Shucking Flant

The waste products of the shucking oparabien are shells, <larm

sinhon, siphon ski

n o and ligquids. The shells, skin and siphon are
dropped to the tahle in front of the shucker. The pile iz periodically
pushed from the tasble into a garbage can or bushel basket. Shucksrs
handle these containers than coniinmue shucking. One other method of

conveavor under sach row of

shell removal 1s to place a
tables. An inclined sheet metal slide connects the conveyer to just

outside the edge of the table. Shells then drop on the slide or the

edge of the table and from the latter are easily pushed into the slide.

Some difficulty was encounterved in getbting the waste products to slide

properly. Solid wastes are moved from the plant by conveyor and/ov
wheelbarrow to a dump truck and, afrer a shucking run, are hauvled to a
P 5 Il 3

is.

hog farm on a give-away bas

anerd td o I o

Liguid wssies sve genevated

&

Trowr washing of the bushel

draining, washing and blowing of the me
& 8 5

plant oleanup. FPlants

baskets; from lce melt in the cooler,
3 i
situated on an estuary usually dischargs these liguids divecrly into

Lot

the water after passing threugh a 20 wesh scrsen and a chlori

rocess, Inland plants after screening and chlorination run the wastes
I &

e

directly into a drainage ditch or i

puypose. Some pl snts are conmected Lo & cit Yvoone

Breading of Soft Clams
The safe storvage peviod for shucked claw mests {s limitsd, For

example, Rosen (1966} reported on the increase o scidity that coours

during cold storage of clam meats. Shucked fresh
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restaurants where they are deep fried just prior to use. Meats are
also breaded, fried, frozen and packaged in individual servings. This
considerably increases storage life and cooking convenlence at the
point of use. Following is a brief description of the equipment and
process used in the breading and freezing operation. Fig. 83 shows the
operations process chart for this process.

Freshly shucked meats arrived at the plant in 5 gallon plastic or
stainless steel pots. The pots were refrigerated at 38°F to be
processed within 24 hours. Checks were made for net welght per gallon,
drained weight per gzallon, count per gallon (both whole and pieces) and
the number of oversize clams. Quality checks were made for shell
fragments, sand, temperature and odor. Clams containing red colora-
tion were washed to reduce the possibility of a red stain in the
breading.

A pot of meats, without being drained, was dumped into a plastic
tray called a lug. A batter of flour and water was added and mixed by
hand. Breading was added in a rotating drum. The drum, constructed of
stainless steel, was about 20 inches in diameter and 60 inches long.
The breading material was fed mechanically to the drum at a constant
rate with approximately 100 pounds of breading in the drum at any one
time. A lug of battered meats was dumped on an elevated table adjacent
to the input end of the breading drum and manually fed into the drum by
an operator standing on an elevated platform.

The breaded meats discharged from the drum fell onto a small
elevating conveyor over which was mounted a large padded wheel that
pressed on the material to aid in breaking up pieces containing two or
more pieces of meat. An operator was stationed at this conveyor to
manually stir the breaded product and further check for conglomerate
masses.

The inclined conveyor dropped the breaded product into the
culling device, or vibrating shaker, consisting of a flat stainless
plate perforated with approximately 1/2 inch holes and slightly
inclined from the horizontal, Here excess breading was removed as well
as the small pieces of breaded meat not useful in the finished product.
The breading thus removed was further screened with a screen having

approximately 3/16 inch holes. Material passing over this screen,



173

assumed to be small particles of meat coated with breading, were
consigned to waste. A doughball alsc dropped off the screen to waste,
Particles of breading passing through the 3/16 inch screen were auto-
matically recycled to the breading supply for reuse.

From the culling device, the breaded clams go to the fryer. The
fryer was a one million BTU natural gas unit maintainiag 100 gallons of
soybean cooking o1l held at 350°F, Retention time for blanching in the
frver was 10 seconds. Oil was added continmiously for an estimsted oil
turnover of 12 hours but was not chenged as a batch. The oll was
continuously passed through s paper filrering sysiem. A drag conveyor

t

along the bottom scraped out small particies fglling through the screen

that carried the product. Extended retention of these small particles
burned them producing an off-flavoring in the product.

From the fryer the product was brangported bo the freezer on a
30 foot inclined conveyor. This served to preccol the preduct and was
necessary to boost freezer capacity. The first 1/3 of the conveyor was
exposed while the final 2/3 was covered with ductwork housing a
refrigeration and forced air system.

The product was frozen in a blast freezer. Four open stainless
steel belts carvied the product back and ferth through the freezer
twice. The product was dropped from the first belt to the second belt,

ete., in order ta break up frozen groups. T CuTe was maintained

at -40°F with an approximate wind velooity of 44 fsec and a vetention
time of 25 minutes.

Further vibratery screening was used after the freezer. This unil
consisted of closely spaced inclined rods as well as perforated plates
which allowed small npieces ta fall through. Small pieces that were
formerly thrown away are now packaged as & snack. Larger pleces left
the freezer via an inclined coaveyor towards the welghing and hagging
unit. Several eumplovees were positionad aleng the conveyor to sorb out
small pieces and break up groups of several pieces that might have been
frozen together.

The conveyor load of frozen pieces was mechanically divided into
three channels, zach feeding & weighing vnit. The product was packasged

in single serving plastic bags having a net weight of 4 to 5 oz.




Accurate establishment of net weights was difficult due to the irregu-
lar shape of the product and haavy weight of each piece relative to
package net weight. All packages of finished product were manually
checked for over/under weight by plant personnel. The large number of
incorrectly filled packets were passed to another operator who opened
the package, corrected the weight then resealed it.

The finished frozew product went to the restaurant trade. This
market demands a whole single clawm, One pound of meats going into the
plant, with the addition of oil and breading will generate about
2 pounds of product plus some wastes. Obvicusly, this ratio varies
with the breading used and markaet neesds.

The breading and freezing industry processed mostly soft shell
clam meats prior to Tropical Storm Agnes in June 1972. A shortage of
soft clams cccurred and customers accepted strip clams as a substitute,
The strip clam is cheaper than the scfr clam but is not of the same
quality. The soft clam again veturnad to the market but was not

purchased due to the excessive price differential over the strip clam.
Shell Size Versus Component Weights of Soft Clams

The relationship between shell length and the weight of the meat,
shell halves and siphon was established. Groups of 100 clams originat-
ing from each of 5 harvest aveas were vefrigerated for two days before
processing. ALl clams used were of legal size (2 1/4 inches minimunm
length at the time) to be representative of those entering the commer-
cial market, Feder and Paul (1974) conducted a similar study for clams
from Prince William Sound, Alaska. They considered the full age
spectrum, including juveniles, of a clam population which matures much
less rapidly than the clams of the Uhesapeake Bay.

For each clam a determination of live weight and shell length was
made after shucking. The meat, shell halves and siphon were placed on
a perforated plate to permit drainage of surface water. Weight of each
individual component was determined to the nearest 0,1 gram, Total wet
solids weight of the clam was calculated by the numerical addition of
the weight of shell, meat and siphon (including also the skin). The
difference hetween &the live weight and the wet solids weight is the

weight of free water retained by the clam.
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Table 33 gives the mean and standard deviation by location and for
all locations taken together for fach clam component. In addition to
this analysis least squares linear regression equations were calculat-

ed for the following wariables:

-

shell length versus live waight
shell length wersus shell weipht

shell length wversus siphon weight

toweight

|

shell lengih versus
shell length versus solids woights
live weight wversus ghell weight

live weight wversus

live

= e I = A RV L V™ I & B

live waight wevsus

location to determine

These regressions were carried out by
differences due to logatien. Table 34 shows the significawnt differ-
ences for both slopes and intevcepts of the regression lines. Values
with the same superscript within a sel ave not significantly different
from each other. Thus, the slopss for the [ive regressions of shell

length versus live weight are not significaently different from asch

gth vewsus shell

cther. The zame 1s tyue foy the s

B orsgresslons, lntercepty

weight and live weight versus solids weigl

for all sets show significent differences. Thus, the data from the
five locations cannot be combined.

The regression equabtions relating shell length with live weight
can be raken dirsctly from Table 34, The regression equation fer the

Shaw Bay data can he writien as:

shell length in dinches = -62.7 + 5.9 {live waight in grams).

Similarly, equaticas csn be written for the other locations and clam

ts

body components by taking the appropvia slope and intercept from

Table 34. FExampls plots of the Shaw RBay data are shown in Appendix B
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TABLE 34. SLOPES, INTERCEPTS AND CORRELATION COEFFICIENTS FOR LINES
RELATING VARIOUS SOFT CLAM BODY COMPONENTS AND/OR SHELL LENGTH. SHELL
LENGTH IS IN INCHES AND ALL WEIGHTS ARE IN GRAMS, REGRESSIONS ARE

OF THE FORM y = a + bx.

variable variable location* slope intercepts r
X ¥ (b) (8)
shell length live weight 1 35.92 *62.?: 0.86
2 38,77 ~70.7 0.85
3 33.3° -56.6° 0.89
4 37.0° —65,3; 0.86
5 41.2° ~75.0 0.81
shell length shell weight 1 9.02 -15.62 0.84
2 9.7 -17.07 0.84
3 9.1° -15.0° 0.86
4 9.5 ~16.6, 0.87
5 10.9" -20.2 0.85
shell length siphon weight 1 4.?22 "7.723 0.74
2 4.9 -8.6" 0.77
3 3.4y -5.2, 0.77
4 S50 -9.9, 0.82
5 £.7 -7.4 0.65
shell length meat weight 1 177" w2168 0.78
2 15.77 -26.1; 0.77
3 9.5°  ~16.7/ 0.80
4 1o, 8 ~20.72 0.82
5 144" -29.1° 0.76
live weight shell weight 1 G.E&d; U=52§_ 0.93
2 0,237 1J39b° G.50
3 0.277, 0.58>  0.95
4 u.23b' 1.01aC 0.92
5 0.72 1.68 0.89
live weight siphon weight I G.i2 6.89%  0.79
2 a.i2) 0.52 0.86
3 6.0, 0.715,  0.85
4 0.14 0.74 0.87
5 0.12%° .15 0.8l
live weight meat weight 1 0.32°%  —0.93°  0.90
2 0.340  -0.83  0.88
3 0.28; ~0.46°  0.88
A 0.277, -0.567 0.89
5 0.31% -1.13%°  o0.84
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TABLE 34. CONTINUED

variable variable location* slope intercepts R
x y (b) (a)
shell length solids weight 1 25.4:E —h&.S:gc .85
2 28.2a —Sl.Bab 0.85
3 22.0ab —36.8b 0.86
4 25.8b *46.6C 0.88
5 30.0 -56.7 0.83
. . . . a ab
live weight  solids welght 1 0.68a 0.48b 0.94
2 0.69 1.08 0.94
3 0.65° 0.83%¢  0.94
4 0.64> 0.60 0.9
5 0.65 1.71 0.92
*
location 1 is Shaw Bay
location 2 is Marshy Point
location 3 is Beverly Beach
location 4 is Saunders Point
location 5 1s Middle Ground

Regressions relating the variables noted in Table 34 were also
developed using a logarithmic value of the Y variable. Only in a few
instances did this improve the fit of the regression curve to the data,
and then only a minor amount. Thus, there was no justification and/or
advantage in using a semilogarithmic plot.

The average percentage of live weight made up of the various parts
of the clam can alsc be calculated. Table 35 shows the result of
calculating these percentages from the data shown in Table 33. Meat
weight, that part of the clam used for human consumption, comprises
only about 25 to 32 percent of the total clam. Thus, a well-drained
56 pound bushel of clams will yield about 14 to 18 pounds of meat.
Free water which 1is lost upon shucking makes up approximately
30 percent of the live weight. The siphon accounts for about 12 to
15 percent of the live weight. Although the siphon is edible it is
presently discarded because of its tough texture. Developing products
which utilize the c¢lam siphon may be a profitable investment for the

industry. Shell weight makes up the remaining 25 to 29 percent of the
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live weight. Shells are presently discarded, but it is also pessible

that these could be utilized in some manner to bring a return to the

processing plant.

TABRLE 35. PERCENT OF LIVE WEIGHT MADE UP BY VARIOUS PARTS OF THE
SOFT-SHELL CLAM BY HARVEST LOCATION. PERCENTAGE CALCULATIONS WERE
BASED) ON THE MEAN VALUES SHOWN IN TABLE 36.

Test Date and Harvest Location

3/13/75 5/28/75 6/19/75 6/26/75 8/6/75 All

Shaw  Marshy Beverly  Saunders Middle locations
Component Bay Point Beach Point Ground together
shell weight 25.4 26.9 2%.0 26.8 25.8 26.6
siphon weight 14.9 13.5 12.6 14.2 13.9 13.8
{including skin)
meat weight 29.7 32.1 26.3 25.8 29.0 28.7
. . * * *
solids weight 70.0 72.5 67.6 66.5 68.7 £9.1
free water 30.0 27.5 32.4 33.5 31.3 30.9

*
The percent seolids weight may be slightly different than the sum of

the percent shell weight, siphon weight and meat weight due to rounding
of numbers used 1n calculating each percentage,
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VII. CONCLHSTONS

1f clams are harvested above acceptable bacterial Iimits,
this leve. will not be reduced in the fresh meats with normal
processing. Nonnormal processing might include the use of
chlorine in the blowing tank. Thermal processing after

shucking will also affect bacterial levels.

Observation of shucking plants revealed no single production
practice as being the cause of high bacterial levels in the
fresh meats. However, there were many unsanitary practices
and poor management functions 2ll of which could add to the
bacterial levels or be extremely serious should a more lethal
organism be present at the time of the sanitation infraction.

Some of the poor practices observed included:

Clams harvested in used baskets which were not cleaned.

b. Clams transported in an unrefrigerated truck covered with
an ung¢lean tarpaulin.

¢. Baskets of clams separated by and coming in contact with
wooden racks or sticks. During storage, the dripping of
fluids from one basket to the one below 1t.

d, Improper refrigeration temperatures.

e. Failure to shuck all of the clams in a pile prior to
adding additional c¢lams to the pile.

f. Overfilling of shucking pans to the points where meats
fell off and were then returned to the pan.

g. Smoking by the shuckers while shucking.

h. Unclean utensils.

i. Precooling of meats with ice previously in contact with a
concrete floor.

j. Use of this same ice during blowing.

k. Use of an ice shovel that was previously used to shovel
spilled shellstock.

1. Use of a standard steel wheelbarrow to transport ice

later used in the blowing operation,
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m. Splashing of rinse water on clam meats prior to packing.

n. Contamination of lids and cans by splash water and by
falling to the floor.

o. Temporary but relatively long term storage of canned

meats in the packing room prior to placement in iced

storage.

Soft shell clams are generaslly sold either as fresh in the

shell, fresh shucked or breaded and frozen.

An average soft clam shucker will shuck between 0.5 and
0.6 bushels/hour when measured over a full day or lenger time

period.

Figures 82 and 83 give an operations—process chart for the

Maryland soft shell clam industry.

Typically, walk-in refrigerated facilities in the Maryland
soft shell clam industry will cool bushel baskets of clams

from BUOF to 50°F in 18 to 14 hours.

It appears significant {(14% in ane basket) quantities of soft
clams arc being damaged by cracking or breaking prior to

shucking. This appesrs to be a significant economic loss.

The shading of full baskets of clams on board harvesting boats

significantly lowers clam temperafuce on hot, sunny days.

The soft clam dredge appears Lo have been developed by a trial
and error process. Thus, a detailed engineering study of
dredge design may result in significant energy savings and

reduction in operating costs,

Significant improvements cculd be made in the transportation

of soft shell clams which should improve clam quality.
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Relationships between soft clam shell length and 1) weight of
the clam meat, 2) weight of clam siphon and 3) total clam wet
solids weights were developed. Similar relationships
relating live clam weight to these three values were also
developed. The regression relationships are shown in

Table 34,

A well-drained 56 pound bushel of soft clams generally yields

14 to 18 pounds of usable meats.
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APPENDIX A

Plate Count, Total Coliform Counts and Fecal Coliform Counts
as a Function of Time After the Soft-Shell Clams were Placed
in a Constant Air Temperature Envirommental Chamber.

Appendix A-1 - Spring 1973
Appendix A-2 - Winter 1974-74
Appendix A-3 - Summer 1974
Appendix A-4 - Winter 1974-75
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Appendix A-1
Spring 1973
Plate Counts at o
40, 50, 60, 70, 80, 90°F

Total Coliferm Counts gt
40, 50, 60, 70, 80, 90°F
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Appendix A-2
Winter 1973-74
Plate Counts at

40, 50, 60, 70, 80, 90°F
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Appendix A-3
Summer 1974

Plate Counts at

40, 50, 60, 70°F

Total Coliform Cougts at
40, 50, 60, 70°F

Fecal Coliform Cougts at
40, 50, 60, 70°F
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Appendix A-4
Winter 1974-75

Plate Counts ag
40, 50, 60, 70°F

Total Coliform Cnugts at
40, 50, 60, 70°F

Fecal Coliform Counts at
40, 50, 60, 70°F
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DATA - 1975 ON-BOARD COOLING STUDIES - PLATE COUNT (X 1000}, BACTERIA/gram

BSKT TEST NUMBER

* fede deve
HOUR NO, 1 2 3 L 5 ) 7 8 9
1 298.0 520.0 X 468.0 140.0 2320.0 132.0 X L065.0
420.0 61,0 21200. 273.0 78.0 1610.0  95.0 935.0 411.0
3 278.0 830.0 ¥ 4480.0  34.0 1170.0 112.0 X 531.0
1290.0 242.5 1268.0 2780.0 44,5 L160.0 100.5 X 2132.0
U
2 249.5 430.0 20120.  302.0 122.5 1630.0 104.5 X 379.0
790.0 307.0 11040. 277.0 101.0 2400.0 268,0 X 304,0
L 349.0 284.0 X 417.0 156.0 1260.0 257.0 X 412.0
4£20.0 322,00 6Lle0.0 281.0 47.0 1580.0 122.0 X 57.0
1 81.0 790.0 X 323.5 347.5 1530.0 X 1190.0 149.0
306.5  86.5 X 231.5 124.0 1490.0 X 1037.0 289.5
3 297.5 610.0 1132.0 374.0 315.0 630.0 L044.0 2800.0 465.0
594.0 432.5  828.0 539.0 40.0 230.0  96.5 2400.0 217.0
6
2 200.0 630.0 776.0 104.5 260.0 1320.0 X 1490.0 160.0
143.0  550.0 X 81.0 57.0 1640.0 251.0 519.0 128.5
4 890.0 X 176.0 229.0 108.0 226.0 70.0 7320.0 281.0
570.0 140.0 X 154.0 169.0 297.0 82.5 685.0 480.0
i1 2770.0 600.0 10.0 220.0 29i.3 226.0 X 3600.0 549.0G
1760.0 104.0 389.5 453.0 106.0 168.0 X 1620.0 255.0
1 143.0 910.0  326.0 552.0 211.0 251.5 X 2880.0 X
2340.0 680.0 190.0 932.0 227.5 4480.0 X X x
25
2 225.0 252.0  504,0 322.5 413.0 308.0 X 1610.0 131.5
X 2220.0  261.0 192.0 276.0 181.0 X  1500.0 550.0
4 2520.0 287.0 308.0 11L.0 605.5 580.0 X 2520.0 b e
990,0 X X 146.0 266.5 X X 189G.0 200.0
1 1440.0 640.0 378.0 72z2.0 238.0 2470.0 X 234.0 450.0
309.0 X X 212.0 90.0 1610.0 ¥ 2450.0 487.0
3 284.0 358.0 492.0 168.0 2470.0 1540.0 332.5 1540.0 435.0
274.0 L14.0 585.5 257.0 1610.0 1950.0 288.0 2780,0 263.0
49

2 810.0 331.5 29.0 622.0 1540.0 3280.0 X 1800.C 205.0
238.5 280.0 108.0 1800.0 1950.0 1922.0 3430.0 2470.0 123.5

. 38.0 204,5 3280,0 269.0 397.5 1700.0 454.0
2670.0 420.0 244.5 206.5 1922.0 310.0 253.5 1340.0 275.0

(W)
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DATA - 1975 ON-BOARD COOLING STUDIES - PLATE COUNT (X 1000),BACTERIA/:ram
{continued}

Plate count tast pomber 3 not used due to lab analysis difficulties,
» Mo results duc to lab error or TNTC {too numernus to count}.

Tests 7 and 8 for plate count not used.
A Fecal Colifors count of 1300 not included (Test 8, basket &4, A=1/7 hru,
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DATA - L9735 ON-BOARD COOLING STUBIES - PLATE COUNT (X 1000), BACTERIA uram

(continued)

BSK1 TESL NUMBER
UOLR NO, 10 L1 12 13 14 13 16 17
1 73.5 224.5 4.0 62.0 310.0 81.5> L4l.0 350.0
L1912.0 84.0 22,0 15l.0 147.0 85.0 22.5 133.0
3 X 74.0 244.0 8l.5 27.0 16.0 35.0 123.0
X 75.0 34,0 144.0 X 198.0 48.0 235.0
(
2 75.32 89.5 19.0 30,0 85.0 73.0 138.0 172.3
)4 37.0 63.0 101.0 10.0 §2.0 19.3 107.0
4 38.0 57.0 37.5 159.0 24.0 66.5 560.5 421.0
80.0 188.0 33,5 210,35 17.5 80.0 32.5 55.0
1 972.5 110.0 33.0 296.0 190.0 160.0 92.5 18>.>
120.0 87.5 18.0 L71.5 34.0 1980.,0 91.5 156.0
3 L24.0 32.0 L1.0 172,0  130.5 23.0 78.5 67.%
371.5 2.3 24.0 168.0 72,0 155.0 79.0 L12.0
6
2 26.0 122.5 26.5 185.0 480.0 72.0 66.5 152.0
93.0 63.5 24.5 137.5 170.0 167.0 34.5 188,0
4 1240.0 119.0 49.0 1.5 26.0 17.5 13.0 58.0
X 80.5 54.0 2.0 87.5 42.5 30.0 67.5
1 98.5 64.5 33.0 70,5 85.0 81.0 295.0 85.0
472.0 201.0 139.0 156.0 181.0 122.0 373.0 218.%
3 162.5 178.0 37.5 134.0 97.0 77.5 153.5 258.0
213.0 189.0 114.5 348.0 124.0 90,0 1030.0 105.5
25
2 83.5 40.0 i62.0 65.0 70.5 82.5 92.0 4.5
84.5 52.0 219.0 1480.06 172.0 22.0 65.5 38.0
4 94.0 162.0 42,0 288,53 170.0 210.0 130.5 127.5
23.3 170.0 39.5 138.0 139.5 73.5 223.0 169.5
1 323.0 62.9 58.5 92.0 121.5 325.5 220.0 400.0
122.0 106.0 111.5 93.10 23.0 146.0 370.0 220.0
3 1050.0 468.0 81.5 204.0 X 175.5 1000.0 112.06
160,00 940.0 132.0 188.5 X X 154.3 154.0
49
2 2560.0 80.0 79.5 96.5 43,0 790.0 65.0 126.5
397.5 890.0 90.0 2L5.0 680.0 X 64.5 170.5
4 83.5 148.0 29.0 13G.0 X 121.0 100.0 314.0
6L.0 72.0 43.0 159.,5 X 193.0 340.0 104.5
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DATA - 1975 ON-BOARD COOLING STUDIES - TOTAL COLIFORM, BACTERIA/LOO svans

BSKT TEST NUMBER

HOIIR NO, L 2 3 4 5 5 7 3 G
N 18 170 340 410 330 21300 68 43000 200
110 490 280 11000 270 35000 330 2300 17000
3 20 1100 340 640 1100 480 490 3300
45 130 320 H40) 340 210 230 2300
Iy
2 130 470 4900 7900 A0 460 160000 7900 JRR1N]
110 [ 300 330 720 _700 330 L300 P 3000 FRGD
4 i 330 4900 450 700 170 2200 300 54000
130 L300 4510 2300 1300 460 230 100 4900
47 270 60 L5300 13000 3100 220 A4900 pY1e
6540 330 33040 G40 320 1700 210 SR 24000
3 560 340 310 360 480 4600 A80 1000 S
1400 3304 2800 270 490 640 4900 3300 4400
0
p 330 100 2200 27306 4340 260 200 4900 2in
490) 270 4010 2300 270 3300 790 240 L4600
L 170 1700 240060 4800 7490 410 270 250 A0
130 7300 3300 170 1100 7600 1700 24000 2200
1 82 2300 320 540 1300 354000 490 320 S0
220 1700 4900 7000 2200 2300 330 4900 1a0000
3 S 4H0) ZHO0 35000 344 320 7900 280 ARk
340 £900 7900 24000 3400 43000 1700 24000 240630
25
Z 720 1704 240 4900 290 330 340 11060 T2
240430t 490 470 520 1700 7490 460 11000 LSS
4 93 340 24000 (40 340 33 1700 2300
220 270 340 FUGO 260 260 240 480
L 45 170 410 24000 340 7900 340 1300 2R
20 400 370 13000 240000 7900 2300 4600 4030
3 170 4900 L3000 24000 G20 2540000 560 24000 452
210 LE0GO L0 13000 2200 160000 240 4900 470
44
? 110 1700 480 1300 430 400 220 240000 1 i)}
220 &80 290 290 3300 3300 210 1700 14003
4 L33 iio 1700 17000 470 7900 120 L1140 Z40

110 40 210 3300 2800 720 230 L7a0 Jap)
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DATA - 1975 ON-BOARD COOLING STUDIES ~ TOTAL. COLIFORM, BACTERTIA/ 10O grams
(continued)

BSKT -
HOUR NO, L0 il 12 13 16 17
i 400 410 490 2300 230 170 68 240000
54000 120 230 220 160000 330 L8 330
3 460 220 230 93 170 330 638 110
92000 170 130 210 18 260 170 210
0
2 3200 330 790 130 160000 410 210 700
4900 140 330 45 330 1400 140 1300
4 260 110 1100 490 L70 450 61 140
4900 330 310 £100 140 170 180 320
1 3300 490 1100 270 20 3300 110 14000
7600 1100 3300 170 18 810 390 2500
3 17000 750 4800 2200 490 210 93 240000
240000 170 1700 3300 1300 7860 220 230
6
2 L1oo 140 490 490 36 220 4600 240000
EHOGG0 170 230 1300 330 2300 L70 160000
4 260 260 220 35000 170 330 0 700
340 1300 1100 330 40 450 a5 490
1 720 83 720 L1O 170 240000 170 560
24000 L100 470 490 170 810 56 120
3 24000 240 810 200 &40 400 280 1400
24000 640 120 480 4950 240 420 170
25
2 490 L300 790 2200 460 810 240 240000
1300 750 68 240000 1160 220 83 240
4 790 290 790 1700 210 810 40 810
17000 270 340 490 170 790 690 4300
1 720 68 240000 2300 X 310 210 68
35000 470 7000 790 4900 310 240 140
3 35000 13000 2300 2300 X §100 93 56
160000 640 4900 2200 X 310 410 340
49
2 470 170 3300 270 1700 43000 0 320
330 700 410 110 170 X 20 8910
4 340 480 330 260 X 450 200 130

2200 700 2200 130 X 240000 380 240
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DATA - 1975 ON-BOARD COOLING STUDIES
FECAL COLIFORM-BACTERIA/1GO grams

BSKT TEST NUMBER
HOUR NGO, ! 2 3 4 5 ) 7 8 9 10 11 12 13 14 15

[
]
]

1 0 0 G 45 40 20 0 c 20 110
0 8 o 20 20 0 0 0 20 0 0 0 0 0 78 {

3 0 20 078 20 0 0 20 0 0 0 0 0 9] 000
0 i) 0 130 453 0 O 43 18 18 0 0 0 0 0l H
{)
2 0 3 20 170 0 0 g Lo 0 0 20 0 0 1 A
20020 20 140 4% 20 ] 0 20 40 0 3] 0 (20 0
‘4 0 2y 40 43 ty 200 200 20 20 0 20 0o 20 i} 0}
i) 45 130 20 Z0 0 0 43 45 0 d 20 {) oS0
1 i 0 16 45 200 20 40 20 68 20 20 $ 4N 18
&y 043 4% 0 0 O 20 20 110 0 0 0 0N 73 20
3 18 20 40 170 20 68 (b 78 45 78 U 0 78 45 ) U
(%= v O 93 20 0 020 0 20 0 0 68 0 P
fy
2 O 40 45 110 0 68 0 20 0 220 0 0 0 0} 038
20 40 45 { 0 40 0 20 20 0 0 0} J 0 hid
4 0 o 20 7 0 40 0 9] 045 0 20 0 4% ] B
0 ooo43 18 20 ) {0 A 20 20 0 0 ] ) g} i
[ 0 0200 43 {3 0 20 20 O 61l 0 110 0 20 20 0
a8 N0 Lk 7 020 20 0490 20 0 O 20 2o 7
3 O 20 40 78 18 0 o 20 20 ¢ 0 20 0 20 (Y|
20 20 18 210 0 () 0 O 020 20 0 0 N 1 ##
25
b 0 78 68 20 40 20 O 20 18 0 20 0 0 B 0 1.0
20 0 18 4% 20 ] 0 20 0 0 0 0 0 i} {1 0
4 20 D20 110 n 20 o 20 18 78 18 0 18 20 ) 0
20 45 78 20 20 24 U 20 0 20 0 20 020 4o
1 45 0 L0 130 110 120 20 0 140 170 " 0 D 68 A8 i}
0 0 20 78 0 0 40 45 43 140 40 0 0 45 .3
3 40 0 o 73 0 0 0 O 20 L1020 0 20 X200 40
45 20 130 o8 0] ( 0 110 0 68 20 20 78 X 45 130
49

J 0 0 45 20 20 0 20 20 45 20 20 20 25 24

4 3] U 45 Lo 0 0 0 20 20 45 0 45 20 ® 0 45
29 0 20 110 20 0 0 18 0 110 20 a 0 X a8 /3
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APPENDIX C

Qutline Summary of Bacterial Analysis
Procedures Used in this Study
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%
FROCEDURE OUTLINE  FOR PROCESSING SOFT SHELL CLAMS
FOR BACTERTAL ANALYSIS

Wash whole clam in tap water. .

wl mears and siphons into a pre-weighaed blendery + B clams.

Weigh loaded blender: aim for 250 gms clam tissue including water.
1090 : pg add 100 w1 buffer.

,\_r r11=

y

M,

. Tor ever
. Homozen:
. Dilure
a. 20 mi
b. 1G ml
c. 10 ml

~Gft geconds; this is now a 1:2 dilution.

homogenate inte B0 ml buffer gilves 1:10 dilunion.

IO dilution above inte 99

buffer gives 1:0000 di

st
o
Fed
e
am

a. lut =z

ubkes of the first set.
b, #ul ! S '
(S .'_)U‘L_ i
d. Put 1 il of
. For plate count
i I‘w{t(w
ced repl il

1e 3 tuhes of the fourt

Iy’

G odilution in each of €
LIoml oof 1:100 and 1:
te.

and incuba
for above
i

AP

HESAN 0“(‘ 10 ml liquified apar.
(St pra5umpt1Vﬂq L{ Ior gas production at

i
of cas is positive. No MPN data at this point. Tacow

rubes are

£ Green ion, the other EC modium,
of Lhe Lactone sat. The following
a. HGB wach lactose b sparates one BGE tube., Aftey
i tubeas in each dilution set to get MPN of
tr. 0l
each dilutlon
. Plates are dncubatad C, read at 4

An estimate oi the
I
1..

of colonie plate , but should
300,
ml of 01 d a d ctoy of 1000.

itution give
ml of 001 dilut:
cach plate, the plate count v
ony count by the dilution factor.

—_

is UdelDEd by mult]p;;]

The complete procedurs for the
"Recommended Procedures fox f;:he
4th ed., 1970, American Public

step: Make additional 1:310,000 337wt

by leoop to two additional

HuffPr gives 1:100 dilution.
Lution.

iha2s of the second seb.
» kuhes of the thirvd set.

sat,

1000, add to 10 ml liguitied

ion

LA T RS

Lata

W DOLween

b
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APPENDIX D

Abstract of Master of Science Thesis of
rt Charles Morgan, work was
gupported in part bv this project.
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ARSTRACT

Dagnostic Bvaluation of Bacteria Assoclated wit
the Suft~8hell Clam, Myas L,Pmdf*a, during Periods
Envivonmental Stress

1974

Charles Morgan, Msster of Boience
Lo} 3

2t Profeszor Allen L. Ingling
snt ol Veterinary Sclence

Graduasts

roach ised to identify bacteria
during high tesmperatures and low salini-
“ﬁvntVMfiv& (125} aerobic bacterial cultures

sted me. Culbures were identified
aprobic bacteria of fish and
: micvomethod. Predominant
stated with  the soft clam were: Aeromonas,
faud bers of the family Eoterobscreviaceae. Less pro-
org &hlvﬂq ineluded Acinetobacter, Flavebacterium, Vibrio,
plealipenes and Bacilius, Since species of the
Ta ser of the family Entero
nfec~

tias,

LA

a i
n ths literature for causing
tion of the scfc- ing eavivenmental stress, the d\ﬁgnua*
tic &ppz@d"% outlined in this study wae considered adequate to identify
b Mya arenarie  including possible

-tacsac have

D T

gaston analvsls was used to study  uthe

: reration, water bastervial
concenbralion, waler temperature and salinity with bacterial concen-
trations in the scefi-zhell clam, Sediment bacterial concentration,
waler temperature significantly

Bt P WHE® il 1 i RN
cumulative affect

bacrerial canc

harterisl concentrabion

sasad the multiple corrvelstion and cumulatively accounted for a
ig s of variation in bacterisl! councentration of the soft-shell
clam. Simultaneously. the simple correlation coefficients for eac!
independent variable were exanined. Sediment bhacterial concentration
and water bacterial concentrvation weve found significantly associstad
wilh ¢lam bactevial concentration while tempervature and salisity cov-
ons were feund non~significant,

h degrae

e

o~
:

relaty
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APPENDTX E

Examplie Plots of Clam Parvts Darta
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